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@) Etching solution for etching porous silicon, etching method using the etching solution and method of preparing 
semiconductor member using the etching solution. 

(57) A method for preparing a semiconductor member comprises : 

forming a substrate having a non-porous silicon monocrystaJline layer and a porous silicon layer ; 
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bomfing another substrata having a surface made of an Insulating material to the surface of the monocrystaBine 
layer; and 7 
etching to remov the porous silicon layer by Immersing In an etching solution. 
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BACKGROUND OF THE INVENTION 
Fl Idofth Inv ntion 

5 Thisinv ntion relates to an etching solution for p rous silicon, an tching method using the tching solution 

and a method of producing a semiconductor member using the etching solution. Particularly, this invention 
relates to a method of producing a semiconductor memberwhich is suitable for separation of dielectric materials 
or electronic devices, Integrated circuits prepared on a monocrystalline semiconductor layer on an insulating 
material. 

10 

Related Background Art 

Formation of a monocrystalline SI semiconductor layer on an Insulating material has been widely known 
as the silicon on Insulator (SOI) technology, and since a large number of advantages which cannot be reached 
15 by bulk SI substrates for preparation of conventional Si integrated circuits are possessed by the device utilizing 
the SOI structure, so many researches have been done. More specifically, by utilizing the SOI structure, the 
following advantages can be obtained: 

1 . Dielectric isolation can be easily done to enable high degree of integration; 

2. Radiation hardness is excellent; 

20 3. Stray capacity is reduced to attain high speed; 

4. Well formation step can be omitted; 

5. Latch-up can be prevented; 

6. Fully depleted field effect transistor can be made by thin film formation. 

In order to realize the many advantages in device characteristics as mentioned above, studies have been 
25 made about the method for forming the SOS structure for these some 1 0 years. The contents are summarized 
in, for example, the literature as mentioned below: 

Special Issue: "Single-rystal silicon on non-single-crystal insulators"; edited by G. W. Cullen, Journal of 
Crystal Growth, Volume 63. No. 3, pp. 429 - 590 (1983). 

Also, it has been known for a long time to form the SOS (silicon on sapphire) structure by heteroepitaxy 
so of Si on a monocrystalline sapphire substrate by CVD (chemical vapor deposition) method. This was successful 
to some extent as the most mature SOI technique, but for such reasons as a large amount of crystal defects 
because of lattice mismatching at the interface between the Si layer and the sapphire substrate, introduction 
of aluminum from the sapphire substrate into the Si layer, and above all the high cost of the substrate and delay 
in enlargement of the substrate wafer size, it is obstructed from being widely applied. Relatively in recent years, 
35 attempts to realize the SOI structure without use of a sapphire substrate have been done. Such attempts may 
be broadly classified into the two shown below: 

(1) After surface oxidation of an Si monocrystalline substrate, a window is formed to have the Si substrate 
partially exposed, and epitaxial growth is proceeded in the lateral direction with that exposed portion as 
the seed to form an Si monocrystalline layer on SiO^. (In this case, deposition of Si layer on SK>2 is accom- 

40 panied). 

(2) By use of an Si monocrystalline substrate itself as an active layer, Si0 2 is formed therebeneath. (This 
method is accompanied wit no deposition of Si layer). 

As the means for realizing the above (1), there have been known the method in which a monocrystalline 
Si layer is formed directly to lateral epitaxial growth by CVD, the method in which amorphous Si is deposited 

46 and subjected to solkJ phase lateral epitaxial growth by heat treatment, the method in which an amorphous or 
polycrystalline Si layer is irradiated convergently with an energy beam such as electron beam, laser beam, etc. 
and a monocrystalline layer is grown on Si0 2 by melting and recrystallization, and the method in which a melting 
region is scanned in a zone fashion by a rod-shaped heater (Zone melting recrystallization). These methods 
have both advantages and disadvantages, they still have many problems with respect to controllability, pro- 

so ductivlty, uniformity and quality, and none of them have been industrially applied yet up to date. For example, 
the CVD method requires sacrifice-oxidation in flat thin film formation, while the crystallinity is poor in the solid 
phase growth method. On the other hand, In the beam annealing method, problems are involved in controllability 
such as treatment tim by converged beam scanning, th manner of verlapping of beams, focus adjustment, 
etc. Among th se, the Zone Melting Recrystallization m thod is the most mature, and a relatively larger scale 

55 integrated circuit has be n trially made, but still a larg number f crystal d fects such as point def cts, lin 
defects, plane d fects (sub-b undary), etc. remain, and n device driven by minority carri rs has been prep- 
ared. 

Concerning th m thod using no Si substrat as th s ed f r epitaxial growth which is th ab ve method 
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(2), for example, the following methods may b included. 

1. An oxide film is formed n an Si monocrystallin substrate with V-groov s as anisotropically etched on 
th surface, a polycrystailine Si lay r is d posited on the oxide film thick t th extent as th Si ubstrate, 
and thereafter by polishing from the back surface of the Si sub trate, Si monocrystallin regions di lectrv 
cally s parated by surrounding with th V-grooves on the thick polycrystailin Si lay r are formed. In this 
method, although crystallinity is good, there are problems with respect to controllability and productivity in 
the step of depositing the polycrystailine Si thick as some hundred microns and the step in which the mono- 
crystalline Si substrate is polished from the back surface to leave only the Si active layer as separated. 

2. This is the method called SIMOX (Separation by ion-implanted oxygen) in which an Si0 2 layer is formed 
by ion implantation of oxygen into an Si monocrystailine substrate, which is one of the most mature methods 
because of good matching with the SMC (Integrated Circuit) process. However, for formation of the SIOz 
layer, 1 0« Ions/cm* or more of oxygen ions are required to be implanted, and the implantation time Is very 
long to be not high in productivity, and also the wafer cost Is high. Further, many crystal defects remain, 
and from an industrial point of view, no sufficient level of quality capable of preparing a device driven by 
minority carriers have been attained. 

3. This Is the method to form an SOI structure by dielectric isolation according to oxidation of porous Si. 
This is a method in which an N-type Si layer is formed on the surface of a P-type Si monocrystailine sub- 
strate in shape of islands by way of proton ion implantation (Imai e t al., J. Crystal Growth, Vol. 63, 547 
(1983)), or by epitaxial growth and patterning; only the P-type Si substrate is made porous by anodization 
in HF solution so as to surround the Si islands from the surface; and then the N-type Si islands are dieleo 
trically isolated by accelerated oxidation. In this method, the separated Si region is determined before the 
device steps, whereby there is the problem that the degree of freedom in drive and circuit design may be 
limited in some cases. 

A light-transmissive substrate is important for forming a contact sensor serving as a light-receiving device 
and a projection-type liquid crystal image display. A high-quality driving device is required for further increasing 
the density, resolution and definition of the pixels (picture element) of such a sensor ordisplay. It is consequently 
necessary to produce a device to be provided on a light-transmissive substrate by using a monocrystailine layer 
having excellent crystallinity. 

However, if an Si layer is deposited on a light-transmissive substrate such as glass substrate, etc., the Si 
layer is generally an amorphous layer or, at best, a polycrystailine layer because the Si layer reflects the dis- 
order of the crystal structure of the substrate, and no high-quality device can thus be formed by using the Si 
layer. This is because the substrate has an amorphous crystal structure, and thus a monocrystailine layer of 
high quality cannot be easiy obtained by simply depositing the Si layer. It is therefore difficult to produce a driv- 
ing device having properties sufficient for the present demands or future demands because the crystal structure 
of an amorphous Si or polycrystailine Si has many defects. 

Further, any one of the methods using an Si monocrystailine substrate is unsuitable for obtaining a good 
monocrystailine film on a light-transmissive substrate. 

Takao Yonehara, one of the inventors, previously proposed a method of forming a semiconductor substrate 
which is capable of solving the above problems in Japanese Patent Application No. 2-206548. 

The method of forming a semiconductor substrate disclosed in Patent Application No. 2-206548 comprises 
forming a substrate having a non-porous semiconductor monocrystailine layer and a porous semiconductor 
layer, bonding another substrate having an insulating material surface to the surface of the monocrystailine 
layer, and removing the porous semiconductor layer by etching. 

This invention has been achieved for improving the invention disclosed in Patent Application No. 2-206548 
previously proposed. 

The method of forming a semiconductor substrate disclosed in Patent Application No. 2-206548 comprises 
the step of removing porous Si by selective etching. 
Porous SI is described below. 

Porous SI was discovered in the course of research on electrolytic polishing of a semiconductor which was 
conducted by Uhllr et al, in 1956 (A. Uhlir, Bell Syst. Tech. J., Vol. 35, pp 333 (1956)). 

Unagami et al. investigated dissolving reaction of Si during anodization and reported that the anodic reac- 
tion of Si in a HF solution requires positive holes, and that the reaction is expressed as follows (T. Unagami, 
J. Electroch m. Soc, Vol. 127, pp 476 (1980)): 

Si + 2HF + (2-n)e + SiF 2 + 2KT + n " (1) 
SiF 2 + 2HF -> SiF 4 + H 2 (2) 
SiF 4 + 2HF H 2 SiF 6 (3) 

Or 

Si + 4HF + (4-X) + SiF 4 + 4H+ + Xe" (4) 
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SiF 4 + 2HF->H2SF e (5) 

wh rein e + and "* respectively denote a positiv hole and an electron, and n and X each d n tea the number 
of positive hoi s required for dissolving on silicon atom. P rous Si can be formed when the condition, n > 2 
or X> 4, is satisfied. 

It is therefore found that posrtiv holes are required for forming porous Si, and that P-type Si can be more 
easily made porous than N-type Si. However, it is also known that N-type Si can be made porous if holes are 
implanted thereto (R. P. Holmstrom and J. Y. Chi, AppL Phys. Lett, Vol. 42, 386 (1983)). 

The density of the porous Si layer can be changed to the range of 1.1 to 0.6 g/cm 3 by changing the con- 
centration of the HF solution from 50 to 20%, as compared with the density of 2.33 g/cm 3 of monocrystalline 
Si. The porous Si layer has pores having an average size of about 600 A which was measured by observation 
by a transmission electron microscope. Although the porous Si layer has a density which is half or less than 
that of monocrystalline SI, monocrystalllnity Is maintained, and a monocrystalline SI layer can be formed on 
the porous layer by epitaxial growth. 

Although the volume of an SI monocrystal is generally Increased by 2.2 times by oxidation, the Increase 
in volume can be suppressed by controlling the density of the porous SI so that the occurrence of curvature of 
a substrate or the occurrence of a crack In a monocrystalline layer remained on the surface can be avoided 
during the oxidation process. The volume ratio R of monocrystalline Si to porous Si after oxidation can be exp- 
ressed as follows: 

R = 2.2 x (A/2.33) (6) 

wherein A denotes the density of porous SL If R = 1, i.e., there is no increase in volume after oxidation, A = 
1.06 (g/cm 3 ). Namely, if the density of the porous Si layer is 1.06, an increase in volume, which is caused by 
oxidation, can be suppressed. 

It can be said that at present, porous Si is subjected as such directly to subsequent steps (epitaxial growth 
and oxidation) after producting it, and the porous Si itself is not processed. This is because the porous Si cannot 
be easily processed or removed with good controllability. Namely, it has been not reported yet that porous Si 
is etched with good controllability. 

In addition, P generally shown by the following equation is referred as porosity: 

P = (2.33-A)/Z33 (7) 

When the value of porosity is adjusted to 30 to 55% during anodization, the properties of oxidized porous Si 
can be equalized to those of amonocrystalline Si oxide film. The porosity is expressed as follows: 

P = (ml - m2)/(m1 - m3) (8) 

or 

P = (ml -m2)/ P At (9) 

wherein 

ml : total weight before anodization 

m2: total weight after anodization 

m3: total weight after removal of porous Si 

p: density of monocrystalline Si 

A: area of porous region 

t thickness of porous Si 

However, the area of the porous region cannot be accurately calculated in many cases. In this case, 
although the equation (8) is effective, the porous Si must be etched for measuring the value of m3. 

In addition, during epitaxial growth on the porous Si, the porous Si is capable of relieving distortion produced 
during heteroepitaxial growth and suppressing the occurrence of defects. However, in this case, since it is clear 
that the porosity is a very important parameter, measurement of the porosity is necessary and indispensable. 

Known methods of etching porous Si are the following methods (1) and (2): 

(1) The method of etching porous Si with an aqueous NaOH solution (G. Bonchil, R. Herino, K. Baria, and 
J. C. Pfister, J. Electrochem. Soc, Vol. 130, No. 7, 1611 (1983)). 

(2) The method of etching porous Si with an etching solution which is capable of etching non-porous Si. 
In the above method (2), a fluoronrtric acid-type etching solution is generally used, and etching of SI pro- 
ceeds as follows: 

Si + 20-»Si0 2 (10) 
Si0 2 + 4HF SiF 4 + H 2 0 (11) 
As shown by th abov react! n formulas, Si is xidized to SI0 2 , and th SiOj produced is etched with hydrof- 
luoric acid. 

Exampl s f etching solutions for non-porous SI includ the above fluoronitric acid-type etching solution 
as w II as ethylenediamine-type, KOH-type and hydrazine-type etching solutions and the like. 

In this inv ntion, it is necessary in selective etching of porous Si to sel ct an etching soluti n which is cap- 
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abl of etching porous Si, other than the above tching solutions for non-porous Si. Th porous Si is g neralty 
selectively ten dbyth above method (1) which us s an aqueous NaOH solution as an etching soluti n. 

As described above, both porous and non-porou Si are etched with the fluoronitric acid-typ etching sol- 
ution. 

On th other hand, in the conv ntional m thod of sel ctiv ly tching porous Si with an aqueous NaOH sol- 
ution, Na ions are inevitably adsorbed on the etched surface. Since the Na ions cause impurity contamination, 
are movable and have adverse effects such as the formation of a interfactal states, the ions must not be intro- 
duced into the semiconductor process. 

SUMMARY OF THE INVENTION 

An object of this Invention Is to provide an etching solution which efficiently, unifoimly, selectively and 
chemically etches porous Si without affecting the semiconductor process and etching non-porous SI. 

Another object of this Invention Is to provide a method of preparing a semiconductor member using an etch- 
ing solution for uniformly and selectively etching porous SL 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B are schematic views explaining an etching step using an etching solution of this invention; 
Figs. 2A and 2B are schematic views explaining an etching step using an etching solution of this invention; 
Figs. 3A to 3C are schematic views explaining an etching step using an etching solution of this invention; 
Figs. 4A to 4C are schematic views explaining an etching step using an etching solution of this invention; 
Figs. 5A to 5D are schematic views explaining an etching step using an etching solution of this invention; 
Figs. 6A to 6H are graphs showing the etching properties of porous and non-porous Si when etching sol- 
utions of this invention are respectively used; 

Figs. 7A to 7H are graphs showing the relations between the etched thickness (etching depth) of porous 

Si and etching time when etching solutions of this invention are respectively used; 

Figs. 8A to 8C are schematic views explaining a process for preparing a semiconductor member of this 

invention; 

Figs. 9A to 9D are schematic views explaining a process for preparing a semiconductor member of this 
invention; 

Figs. 1 0A to 1 0C are schematic views explaining a process for preparing a semiconductor member of this 
invention; 

Figs. 1 1A to 1 1D are schematic views explaining a process for preparing a semiconductor member of this 
invention; 

Figs. 12A to 12C are schematic views explaining a process for preparing a semiconductor member of this 
invention; 

Figs. 13A to 13C are schematic views explaining a process for preparing a semiconductor member of this 
* invention; and 

Figs. 14A to 14D are schematic views explaining a process for preparing a semiconductor member of this 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to one aspect of this invention, this invention provides a chemical etching solution for etching 
porous silicon. 

A first embodiment of the chemical etching solution of this invention is hydrofluoric acid. 
A second embodiment of the chemical etching solution is a mixture containing hydrofluoric acid and an 
alcohol. 

A third embodiment of the chemical etching solution is a mixture containing hydrofluoric acid and hydrogen 
peroxide. 

A fourth embodiment of the chemical etching solution is a mixture containing hydrofluoric acid, an alcohol 
and hydrog n peroxid . 

Aflfthemb dimentofth ch mical tching solution is buff r d hydrofluoric acid. 

A sixth embodiment of the chemical tching solution is a mixture containing buff red hydrofluoric acid and 
analcoh I. 

A s venth mbodiment of th chemical etching soluti n is a mixture containing buffered hydroflu ric acid 
and hydrog n peroxide. 
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A eighth mbodiment of th ch mical tching solution is a mixture of buffered hydrofluoric acid, an alcohol 
and hydrog n peroxid . 

The etching method f this invention compris sselectiv ly tching porous silicon using th etching solution 
of this inv ntion. 

5 According to an ther aspect of this inv ntion, this inv ntion provides a method of preparing a semiconduc- 

tor member. 

A first embodiment of the method of preparing a semiconductor member of this invention comprises forming 
a substrate having a non-porous monocrystalline silicon layer and a porous slicon layer, bonding another sub- 
strate having a surface made of insulating material to the surface of the monocrystalline layer, and etching the 

10 porous sOicon layer by immersing ft in hydrofluoric acid. 

A second embodiment of the method of preparing a semiconductor member of this Invention uses each of 
the second to eighth forms of the etching solution of this Invention in place of hydrofluoric acid used as an etch- 
ing solution in the first form of the method of preparing a semiconductor member of this invention. 

A third embodiment of the method ofrpreparing a semiconductor member of this invention comprises the 

is steps of making a silicon substrate porous, forming a non-porous monocrystalline silicon layer on the silicon 
substrate made porous, bonding a light-transmissive glass substrate to the surface of the non-porous monoc- 
rystalline silicon layer, and selectively etching porous silicon so as to remove porous silicon by chemical etching 
using an etching solution of this invention by immersing the silicon substrate made porous therein. 

A fourth embodiment of the method of preparing a semiconductor member of this invention comprises the 

20 steps of making a silicon substrate porous, forming a non-porous monocrystalline silicon layer on the silicon 
substrate made porous, bonding another silicon substrate having an insulating layer on the surface thereof to 
the surface of the non-porous monocrystalline silicon layer, and selectively etching porous silicon so as to 
remove porous silicon by chemical etching using an etching solution of this invention by immersing the silicon 
substrate made porous therein. 

25 A fifth embodiment of the method of preparing a semiconductor member of this invention comprises the 
steps of making a silicon substrate porous, forming a non-porous monocrystalline silicon layer on the sOicon 
substrate made porous, forming an oxide layer on the surface of the non-porous monocrystalline silicon layer, 
bonding a light-transmissive substrate to the surface of the oxide layer and selectively etching the sflicon sub- 
strate made porous to remove it by chemical etching using an etching solution of this invention by immersing 

30 the silicon substrate made porous therein. 

A sixth embodiment of the method of preparing a semiconductor member of this invention comprises the 
steps of making a silicon substrate porous, forming a non-porous monocrystalline silicon layer on the silicon 
substrate made porous, forming an oxide layer on the surface of the non-porous monocrystalline silicon layer, 
bonding another silicon substrate having an insulating layer on the surface thereof to the oxide layer formed 

35 on the non-porous monocrystalline sflicon layer, and selectively etching the silicon substrate made porous to 
remove it by chemical etching using an etching solution of this invention by immersing the silicon substrate 
made porous therein. 

In each of the above embodiments according to the method of preparing a semiconductor member of the 
present invention, the etching step may be carried out with coating the surfaces other than the surface of the 
40 silicon layer made porous with a protecting material before etching. 

The etching solution for porous Si of this invention is capable of uniformly and efficiently etching porous 
Si without the danger of contaminating the semiconductor process. 

The etching method of this invention can be applied to usual semiconductor processes and is capable of 
selectively etching, with high accuracy, the porous Si provided on the same substrate provided non-porous Si 
45 to remove the porous Si because a chemical etching solution which does not etch non-porous Si is used. 

The method of preparing a semiconductor member of this invention is excellent in productivity, uniformity, 
controllability and economy for forming a crystalline Si layer having excellent crystallinity equal to that of a 
monocrystalline wafer on insulating substrates such as light-transmissive insulating substrates represented by 
a glass substrate. 

so The method of preparing a semiconductor member of this invention is capable of realizing the advantages 

of conventional SOI devices and can be applied to various fields. 

The method of preparing a semiconductor member of this invention can also be used in place of the expen- 
sive SOS or SIMOX us d for producing a large-seal integrat d circuit having th SOI structur . 

In addition, the method of preparing a semiconductor m mb r of this invention compris s th st ps of 
55 ch mically removing the I wer portion of a monocrystallin Si substrate of high quality us d as a starting ma- 
t rial, with leaving nlyam nocrystalline layer on th surf ace thereof .and bonding the substrate to an insulating 
layer, and thus nables many tr atments to be performed f r a sh rt time and has xceli nt productivity and 
economy. 
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Further, the method of preparing a semiconductor member of this invention can use a chemical etching 
soluti n which has a bad eff ct on th miconductor process in etching of porous Si and exhibits an etching 
selection ratio of a fiv digits valu or more of porous Si to non-porous Si and excellent controllability and pro- 
ductivity. 

I. A description will now be given of the etching solution in accordance with the present invention. 



K1) 



10 A description will be made first as to the case where hydrofluoric acid is used as the electroless wet chem- 

ical etching solution for porous SI, with specific reference to Fig. 7A. 

Fig. 7A shows the etching time dependency of etched thickness of porous Si when the latter is etched by 
being immersed In hydrofluoric acid. The porous Si was fonmed by anodizing a monocrystalline SI. The condi- 
tions of anodlzatlon are shown below. It Is to be noted, however, that the starting material for producing porous 

is Si by anodization is not limited to monocrystalline Si and Si of other crystalline structure may be used as the 
starting material. 

Voltage applied: 2.6 (V) 

Current density: 30 (mA-cnrr 2 ) 

Anodizing solution: HF^O^HsOH = 1:1:1 

20 Time: 2.4 hours 

Thickness of porous Si: 300 (jim) 

Porosity: 56 (%) 

Test pieces of the porous Si thus prepared were immersed in 49 % hydrofluoric acid solution (white circles) 

and 20 % hydrofluoric acid solution (black circles) both at the room temperature, and the solutions were agi- 
25 tated. The reduction in the thickness of these test pieces of the porous Si were then measured. A large etching 

rate was observed: namely, 90 urn in 40 minutes in case of the 49 % hydro hydro acid solution and 72 urn in 

40 minutes in case of the 20 % hydrofluoric acid solution. After elapse of 80 minutes, the porous Si test pieces 

were etched by 205 \m with a high degree of surface state in case of the 49 % hydrofluoric acid solution, 

whereas, in case of the 20 % hydrofluoric acid solution, the etching depth was 164 jim after elapse of 80 
so minutes. 

The etching rate has dependencies on the concentration of the etching solution and the temperature. The 
etching solution concentration and temperature are suitably determined in practical ranges. Although solution 
concentration of 49 % and 20 % and the room temperature are mentioned above, these are only illustrative 
and are not intended for limiting purpose. Preferably, the concentration of the hydrofluoric acid ranges between 
35 5 % and 95 % and the temperature of the solution is set to a level which is ordinarily adopted in this field of 
technology. 

The etched test pieces of porous Si were then rinsed with water and the surfaces after the rinsing were 
examined by microanalysis using secondary ions but no impurity was detected. 

A description wBI now be given with specific reference to Fig. 6A of the etching characteristics of porous 
40 Si and non-porous Si when hydrofluoric acid is used as the etching solution, followed by a description of an 
example of etching of a non-porous Si substrate whose one side surface is completely porous Si, taken in con- 
junction with Figs. 1A and 1B. 

Fig. 6A is a graph showing the time dependency of etching depth of porous Si and monocrystalline Si as 
observed when they are immersed in hydrofluoric acid solution. Porous Si was formed by anodizing monoo- 
46 rystalline Si under the same conditions as those mentioned above. In this case also, the use of monocrystalline 
Si as the starting material for anodization is only illustrative and Si of other crystalline structures may be used 
as the starting material. 

Test pieces of the porous Si thus prepared were immersed in 49 % hydrofluoric acid solution (white circles) 
at the room temperature, and the solutions were agitated. The reduction in the thickness of these test pieces 
so of porous Si were then measured. A large etching rate was observed: namely, 90 nm In 40 minutes In case of 
the 49 % hydrofluoric acid solution and, after elapse of 80 minutes, the porous SI test pieces were etched by 
205 \irr\ with a high degree of surface state. The etching rate has dependencies on the concentration of the 
tching soluti n and the t mperatur . Th etching s lution concentration and temperature are suitably d ter- 
mined in practical ranges. Although solution density of 49 % and the room temp rature ar mentioned above, 
55 these are only illustrative and are not intended f r limiting purpose. Pr ferably, the cone ntration of the hyd- 
roflu ric acid ranges b tween 5 % and 95 % and the t mperature of th solution is set to a I vel which is ordi- 
narily adopt d in this ft Id of technology. 

A t st piece of a non-porous Si of 500 *im thick was immersed in a 49 % solution of hydrofluoric acid (black 
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circles), followed by an agitation of th solution. Th reduction in the thickness was then measured. In this cas , 
the test piece of non-porou Si was etched nly by 100 Angstrom r less ev n after elapse f 120 minutes. 
Th tching rate showed almost no d pend ncy on solution concentration and temperature. 

Both th porous and non-porous Si test pieces aft r th tching were rins d with water and th surface 
5 states f these test pieces were xamined by microanalysis with s condaryi n butn impurity wa detected. 

As shown in Fig. 1A, a monocrystaltine Si substrate 22 was anodized only at its one side so as to have a 
porous Si structure only at its one side as denoted by 21. Then, the substrate having the porous Si/monocrys- 
talline Si structure was immersed in a hydrofluoric acid. As a consequence, only the porous Si portion was 
removed by the etching while the monocrystalline Si substrate 22 alone remained unetched. It is thus possible 
10 to selectively etch porous Si by using monocrystalline SI as the etch stopper. 

A description wDI now be given of a case where both porous SI portion and monocrystalline Si portion are 
provided on one side of the substrate. 

As shown in Fig. 2A t a portion of one side of a monocrystalline Si substrate 32 was anodized to become 
porous Si structure 31 . Since the current and voltage necessary for the anodization vary depending on the car- 
15 rler concentration, it is possible to selectively form porous SI structure by locally varying the carrier concen- 
tration in the monocrystalline Si surface layer through implantation of proton or Impurities. The substrate 
having the porous Si/monocrystalline Si structure was then immersed in hydrofluoric acid. As a result, only the 
porous Si portion was removed while the monocrystalline Si substrate 32 remained unetched. It is thus possible 
to selectively etch porous Si. 

20 A description will be made as to the case where a porous Si structure and a polycrystalline structure are 

formed in layers on one side of the substrate. 

As shown in Fig. 3A, a polycrystalline Si layer 41 was formed by deposition on a single-crystalline Si sub- 
strate 42, and the surface layer of this polycrystalline Si was changed into a porous Si layer 43 by anodization, 
as shown in Fig. 3B. The substrate having the porous Si/polycrystalline Si/monocrystalline Si structure was 
25 immersed in a solution of hydrofluoric acid, whereby the porous Si structure alone was removed by etching 
while the monocrystalline Si substrate 42 and the polycrystalline Si layer 41 remained unetched. It was thus 
possible to selectively etch the porous Si by using polycrystalline Si as the etching stopper. 

A description wfll now be given of a case where porous Si portion is formed in the surface of a polycrystalline 

51 layer which is formed on one side of the substrate. 

30 As shown in Fig. 4A, a polycrystalline Si layer 51 was formed by deposition in a monocrystalline Si substrate 

52 and a portion of this polycrystalline Si layer was changed into porous Si layer 53 by anodization. Then, the 
substrate having the porous Si/polycrystalline Si/monocrystalline Si structure was immersed in a solution of 
hydrofluoric acid, so that the porous Si alone was removed while the monocrystalline Si substrate 52 and the 
polycrystalline Si layer 51 remained unetched. It was thus possible to selectively etch the porous Si 

35 

K2) 



A description wfll now be given of the case where a mixture of hydrofluoric acid and an alcohol is used as 
the electroless wet chemical etching solution for porous Si, with reference to Fig. 7B. 

40 Fig. 7B shows the time dependency of etching thickness of porous Si as observed when the porous Si is 

immersed in a mixture liquid of hydrofluoric acid and ethyl alcohol without agitation of the liquid. The porous 
Si was formed by anodizing monocrystalline Si under the conditions shown below. The use of the monocrys- 
talline Si as the starting material for forming the porous Si structure through anodization is only illustrative and 
Si of other crystalline structures can be used as the starting material. 

46 Voltage applied: 2.6 (V) 

Current density: 30 (mAcnrr 2 ) 

Anodizing solution: HF:H 2 0:C2H 5 OH = 1:1:1 

Time: 2.4 (hours) 

Thickness of porous Si: 300 (pm) 

so Porosity: 56 (%) 

Test pieces of the porous Si prepared as described above were immersed, without agitation, in a mixture 
solution of 49 % hydrofluoric acid and ethyl alcohol (10:1) (white circles) and In a mixture solution of 20 % 
hydroflu ric acid and ethyl alcoh I (10 : 1) (black circl s). The r ductions In the thlckn ss s of the porous SI 
test pieces wer then measured. Large rates of tching of the porous SI were observed: nam ly t in th case 

55 f the mixtur s lution f 49 % hydrofluoric acid and thyl alcohol (10 : 1), the porous Si was etched by 85 u.m 
and.incas of the mixture solution f 20% hydroflu ric acid and ethyl alcoh 1(10: 1), th porous Si was etched 
by 68 um, in about 40 minutes. Aft r lapse of 80 minut s f the porous Si was etch d by a thickness as large 
as 195 um in the cas of the mixture soluti n of 49 % hydroflu ric acid and thyl alcohol (10:1) and 156 urn 
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even in th case of th mixture solution of 20% hydrofluoric acid and thyl alcohol (10 ; 1), with high degrees 
of states of th toned surfaces. 

Th etching rate has d pendencies n th cone ntration of the hydrofluoric acid solution, as w II as n 
th t mperature. The additi n of alcohol s rves to remove bubbles of reaction product gases generated as a 
result fth t hing without delay from the surf ac being etched, without necessitating agitation, thus nsuring 
a high efficiency and uniformity of the etching. 

The solution concentration and the temperature are determined such that a practical etching speed is 
obtained in preparation process and the effect of addition of alcohol is appreciable. Although the mixture sol- 
utions of 49 % hydrofluoric acid and ethyl alcohol (10 : 1) and 20 % hydrofluoric acid and ethyl alcohol (10 : 1), 
as well as the room temperature as the solution temperature, are mentioned, these solution densities and tem- 
perature are only Illustrative and are not Intended to restrict the scope of the Invention. The HF concentration 
with respect to the etching solution preferably ranges between 1 and 95 %, more preferably between 5 and 90 
% and most preferably between 5 and 80 %. The concentration of alcohol with respect to the etching solution 
is preferably 80 % or less, more preferably 60 % or less and most preferably 40 % or less, and is determined 
so as to provide an appreciable effect of addition of the alcohol. The temperature is selected to range preferably 
0 to 100°C, more preferably 5 to 80°C and most preferably 5 to 60°C. 

Although ethyl alcohol has been mentioned specifically, the invention does not exclude the use of other 
alcohol such as isopropyt alcohol which does not cause any inconvenience in the production process and which 
can provide an appreciable effect of addition of such alcohol. 

The porous Si after the etching was rinsed with water and the rinsed surface was examined by micro- 
analysis by using secondary ions but no impurity was detected. 

A description will now be given of the etching characteristic of porous Si and non-porous Si when they are 
etched by a mixture solution of hydrofluoric acid and ethyl alcohol, with specific reference to Fig. 6B. 

Fig. 6B shows time dependencies of etched thicknesses of porous Si and monocrystalline Si as observed 
when the porous Si and the monocrystalline Si are immersed in a mixture solution of hydrofluoric acid and ethyl 
alcohol without agitation. The porous Si was formed by anodization of monocrystalline Si conducted under the 
same conditions as those shown before. The use of monocrystalline Si as the starting material for forming por- 
ous Si through anodization is only illustrative and Si of other crystalline structures can be used as the starting 
material. 

A test piece of porous Si prepared as described above was immersed, without agitation, in a mature sol- 
ution of 49 % hydrofluoric acid and ethyl alcohol(10 : 1) (while circles), and reduction in the thickness of the 
porous Si was measured. The porous Si was rapidly etched: namely, by a thickness of 85 urn in 40 minutes 
and 195 ^im in 80 minutes, with high degrees of surface quality and uniformity. 

The etching rate depends on the concentration and the temperature of the hydrofluoric acid solution. 

The addition of alcohol serves to remove bubbles of reaction product gases generated as a result of the 
etching without delay from the surface being etched, without necessitating agitation, thus ensuring a high effi- 
ciency and uniformity of the etching. 

A test piece of a non-porous Si of 500 nm thick was immersed in a mixture solution of 49 % hydrofluoric 
acid and ethyl alcohol (10:1) (black circles), without agitation of the solution. The reduction in the thickness 
was then measured. In this case, the test piece of non-porous Si was etched only by 100 Angstrom or less 
even after elapse of 1 20 minutes. The etching rate showed almost no dependency on the solution concentration 
and temperature. 

Both the porous and non-porous Si test pieces after the etching were rinsed with water and the surface 
states of these test pieces were examined by microanalysis with secondary ions but no impurity was detected. 

Naturally, various etching methods explained in connection with I by making reference to Figs. 1 A and 1B, 
Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the mixture solution 
of hydrofluoric acid and an alcohol is used as the etchant for porous Si. 

K3) 

A description will now be given of the case where a mixture of hydrofluoric acid and aqueous hydrogen 
peroxide (hereinafter also referred to as "hydrogen peroxide") is used as the electroless wet chemical etching 
solution for por us Si, with ref renc to Fig. 7C. 

Fig. 7C sh ws th time dependency of etched thickness f porous Si as obs rved when the porous Si is 
imm rsed in a mixture liquid of hydrofluoric acid and hydrogen peroxide underagitati nofth liquid. The porou 
Si was f rmed by anodizing monocrystalline SI und r th condlti ns shown b I w. The us of the m nocrys- 
talline Si as th starting material for forming th porous Si structure through anodization is nly illustrative and 
Si of other crystallin structures can be used as th starting material. 
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Voltage appli d: 2.6 (V) 

Current density: 30 (mAcm-*) 

Anodizing solution: HRHzOiC^HsOH = 1:1:1 

Time: 2.4 (hours) 

5 Thickness of porous Si: 300 (um) 

Porosity: 56 (%) 

Test pieces of the porous Si prepared as described above were immersed, without agitation, in a mixture 
solution of 49 % hydrofluoric acid and hydrogen peroxide (1 : 5) (white circles) and in a mixture solution of 49 
% hydrofluoric acid and hydrogen peroxide (1:1) (black circles). The reductions in the thicknesses of the porous 
10 Si test pieces were then measured. Large rates of etching of the porous Si were observed: namely, in the case 
of the 1 : 5 solution, the porous Si was etched by 1 12 um and. In case of the 1 : 1 solution, the porous SI was 
etched by 135 um, In about 40 minutes. After elapse of 80 minutes, the porous Si was etched by a thickness 
as large as 256 um in the case of the 1 : 5 solution and 307 um in the case of the 1 : 1 solution, with high degrees 
of states of the etched surfaces. The concentration of hydrogen peroxide was 30 % In this case but the hydrogen 
is peroxide concentration may be determined in a range which provides an appreciable effect of addition of hyd- 
rogen peroxide and which does not cause any practical problem in the production process. 

The etching rate has dependencies on the density of the hydrofluoric acid solution, as well as on the tem- 
perature of the same. The addition of alcohol serves to accelerate oxidation of silicon, thus enhancing the reac- 
tion speed as compared to the case where hydrogen peroxide is not used. It is also possible to control the 
20 reaction speed by suitably selecting the content of hydrogen peroxide. 

The solution concentration and the solution temperature are determined such that a practical etching speed 
is obtained in preparation process and the effect of hydrofluoric acid and hydrogen peroxide is appreciable. 
Although the mixture solutions of 49 % hydrofluoric acid and hydrogen peroxide (1 : 5) and 49 % hydrofluoric 
acid and hydrogen peroxide (1 : 1 ), as well as the room temperature as the solution temperature, are mentioned, 
25 these solution concentrations and temperature are only illustrative and are not intended to restrict the scope 
of the invention. 

The HF concentration with respect to the etching solution preferably ranges between 1 and 95 %, more 
preferably between 5 and 90 % and most preferably between 5 and 80 %. The concentration of H 2 0 2 with res- 
pect to the etching solution is preferably selected to range between 1 and 95 %, more preferably between 5 

30 and 90% and most preferably between 10 and 80%, and is determined so as to provide an appreciable effect 
of addition of the hydrogen peroxide. The temperature is selected to range preferably 0 to 100°C, more pref- 
erably 5 to 80°C and most preferably 5 to 60°C. 

The porous Si after the etching was rinsed with water and the rinsed surface was examined by micro- 
analysis by using secondary tons but no impurity was detected. 

35 A description will now be given of the etching characteristics of porous Si and non-porous Si as observed 
when they are etched by a mixture solution of hydrofluoric acid and aqueous hydrogen peroxide, with specific 
reference to Fig. 6C. Fig. 6C shows the time dependencies of etched depth of porous Si and monocrystalline 
Si as observed when the porous Si and the monocrystalline Si are immersed in a mixture solution of hydrofluoric 
acid and aqueous hydrogen peroxide. The porous Si was formed by anodization of monocrystalline Si conduo- 

40 ted under the same conditions as those shown before. The use of monocrystalline Si as the starting material 
for forming porous Si through anodization is only illustrative and Si of other crystalline structures can be used 
as the starting material. 

A test piece of porous Si prepared as described above was immersed, followed by agitation, in a mixture 
solution of 49 % hydrofluoric acid and aqueous hydrogen peroxide (white circles), and reduction in the thickness 

46 of the porous Si was measured. The porous Si was rapidly etched: namely, by a thickness of 112 um in 40 
minutes and 256 um in 80 minutes, with high degrees of surface quality and uniformity. Although the concen- 
tration of aqueous hydrogen peroxide was 30 % in this case, the concentration of hydrogen peroxide may be 
suitably determined within a range which does not impair the effect of addition of hydrogen peroxide and which 
does not cause any practical inconvenience in the production. 

so The etching rate depends on the concentration and the temperature of the hydrofluoric acid and aqueous 

hydrogen peroxide 

The addition of hydrogen peroxide serves to accelerate oxidation of silicon, thus enhancing the reaction 
speed as c mpar d to the cas where hydrog n peroxid is not add d. Furthermore, the reaction sp ed can 
b contr lied by suitably selecting the cont nt of th hydrogen peroxide. 
55 A test pi ce of a non-porous Si of 500 um thick was imm rsed in a mixture solution of 49 % hydrofluoric 

acid and aqueous hydrogen p roxid (1 ; 5) (Black circles), follow d by agitation of the solution. Th r duction 
in th thickness of th porous Si was then m asured. In this case, th t st piece of nonporous Si was tch d 
nly by 100 Angstrom or less venaft relaps of 120 minutes. The etching rate showed almost nod p nd ncy 
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on the soluti n ooncentrati n and temperature. 

B th the porous and non-porou Si test pieces after the etching w re rins d with water and the surface 
states of these test pieces were examin d by microanalysis with secondary ions but no impurity was d tected. 

Naturally, various embodim nte xplained in connection with I by making ref r nee to Figs. 1A and 1B, 
s F\gs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the mixture solution 
of hydrofluoric acid and aqueous hydrogen peroxide is used as the etching solution. 

K4) 

10 A description wDI now be given of the case where a mixture of hydrofluoric acid, an alcohol and aqueous 
hydrogen peroxide is used as the electroless wet chemical etching solution for porous Si, with reference to Fig. 
7D. 

Fig. 7D shows the time dependency of etched thickness of porous Si as observed when the porous SI is 
immersed in a mixture liquid of hydrofluoric acid, ethyl alcohol and aqueous hydrogen peroxide without agitation 

is of the liquid. The porous Si was formed by anodizing monocrystalline Si under the conditions shown below. 
The use of the monocrystalline Si as the starting material for forming the porous Si structure through anodization 
is only illustrative and Si of other crystalline structures can be used as the starting material. 
Voltage applied: 2.6 (V) 

Current density: 30 (mA-cnrr 2 ) 

20 Anodizing solution: HF:H 2 0:C2H 6 OH = 1:1:1 

Time: 2.4 (hours) 

Thickness of porous Si: 300 frim) 

Porosity: 56 (%) 

Test pieces of the porous Si prepared as described above were immersed, without agitation, in a mixture 

25 solution of 49 % hydrofluoric acid, ethyl alcohol and aqueous hydrogen peroxide (10 : 6 : 50) (white circles) 
and in a mixture solution of 49 % hydrofluoric acid, ethyl alcohol and hydrogen peroxide (10 : 2 : 10) (black 
circles). The reductions in the thicknesses of the porous Si test pieces were then measured. Large rates of 
etching of the porous Si were observed: namely, in the case of the 1 0 : 6 : 50 solution, the porous Si was etched 
by 107 and, in case of the 10 : 2 : 10 solution, the porous Si was etched by 128 urn, in about 40 minutes. 

30 After elapse of 80 minutes, the porous Si was etched by a thickness as large as 244 iim in the case of the 10 : 
6 : 50 solution and 292 \im in the case of the 10 : 2 : 10 solution, with high degrees of states of the etched sur- 
faces. The concentration of aqueous hydrogen peroxide was 30 % in this case but the hydrogen peroxide con- 
centration may be determined in a range which provides an appreciable effect of addition of hydrogen peroxide 
and which does not cause any practical problem in the production process. 

35 The etching rate has dependencies on the density of the hydrofluoric acid solution, as well as on the tem- 

perature of the same. The addition of alcohol serves to accelerate oxidation of silicon, thus enhancing the reac- 
tion speed as compared to the case where hydrogen peroxide is not used. It is also possible to control the 
reaction speed by suitably selecting the content of hydrogen peroxide. On the other hand, the addition of alcohol 
serves to remove, without delay, bubbles of reaction gases generated as a result of the etching from the etched 

40 surface, without requiring agitation of the solution, thus offering high degrees of efficiency and uniformity of etch- 
ing of the porous Si. 

The solution density and the solution temperature are determined such that a practical etching speed is 
obtained and such that the effect of the use of hydrofluoric acid, alcohol and hydrogen peroxide is appreciable. 
Although the mixture solutions of 49 % hydrofluoric acid, ethyl alcohol and hydrogen peroxide (10 : 6 : 50) and 

46 49 % hydrofluoric acid, ethyl alcohol and hydrogen peroxide (10 : 2 : 10), as well as the room temperature as 
the solution temperature, are mentioned, these solution densities and temperature are only illustrative and are 
not intended to restrict the scope of the invention. 

The HF concentration with respect to the etching solution preferably ranges between 1 and 95 % f more 
preferably between 5 and 90 % and most preferably between 5 and 80 %. The concentration of H 2 0 2 with res- 

so pect to the etching solution is preferably selected to range between 1 and 95 %, more preferably between 5 
and 90% and most preferably between 10 and 80%, and is determined so as to provide an appreciable effect 
of addition of the hydrogen peroxide. The concentration of the alcohol with respect to the etching solution is 
preferably determined to be 80 % or I ss, mor preferably 60 % or I ss and m st pr ferably 40 % or I ss, and 
Is selected so as to provide an appreciable eff ctof addition ofthe alcohol. The temp ratur is selected to range 

55 pref rably 0 to 100°C, more preferably 5 to 80°C and most preferably 5 to 60°C. 

Alcohol to be used in the present invention is n t limited to thyl alcohol and includ s those alcoh Is such 
as is propyl alcohol which can practically be used in preparation proc ss and accomplish the effect of the addi- 
tion f alcohol as mentioned above. 
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The porous Si after th etching was rinsed with water and the rinsed surface was examined by micro- 
analysis by using secondary ions but no impurity was d tected. 

This type of etching solution is advantageous in that bubbles of reaction product gases generated as a 
result of th tching can be remov d without delay from th surface being tched, without requiring agitation, 
5 so that the surface is tched with high degree of smoothness and uniformity ev n to the bottoms of minute 
recesses which may exist in the etched surface. 

A description will now be given of the etching characteristics of porous Si and non-porous Si as observed 
when they are etched by a mixture solution of hydrofluoric acid v ethyl alcohol and aqueous hydrogen peroxide, 
with specific reference to Fig. 6D. 
10 Fig. 6D shows the time dependencies of etched thickness of porous Si and monocrystalline Si as observed 

when the porous SI and the monocrystalline Si are immersed in a mixture solution of hydrofluoric acid, ethyl 
alcohol and aqueous hydrogen peroxide, without agitation. The porous SI was formed by anodization of mono- 
crystalline SI conducted under the same conditions as those shown before. The use of monocrystalline SI as 
the starting material for forming porous Si throught anodization is only Illustrative and Si of other crystalline 
is structures can be used as the starting material. 

A test piece of porous SI prepared as described above was immersed, without agitalon, in a mixture solution 
of 49 % hydrofluoric acid, ethyl alcohol and aqueous hydrogen peroxide (10 : 6 : 50) (while circles) at the room 
temperature, and reduction in the thickness of the porous Si was measured. The porous Si was rapidly etched: 
namely, by a thickness of 1 07 urn in 40 minutes and 244 urn in 80 minutes, with high degrees of surface quality 
20 and uniformity. Although the concentration of the aqueous hydrogen peroxide was 30 % in this case, the content 
of hydrogen perozide may be suitably determined within a range which does not impair the effect of addition 
of hydrogen peroxide and which does not cause any practical inconvenience in the production. 

The etching rate depends on the concentration and the temperature of the hydrofluoric acid and aqueous 
hydrogen peroxide. 

25 The addition of hydrogen peroxide serves to accelerate oxidation of silicon, thus enhancing the reaction 
speed as compared to the case where hydrogen peroxide is not added. Furthermore, the reaction speed can 
be controlled by suitably selecting the content of the hydrogen peroxide. In addition, alcohol serves to remove, 
without delay, bubbles of the reaction product gases generated as a result of the etching without requiring agi- 
tation, thus ensuring high degrees of uniformity and etching of the porous Si. 

30 A test piece of a non-porous Si of 500 urn thick was immersed in a mixture solution of 49 % hydrofluoric 
acid, ethyl alcohol and aqueous hydrogen peroxide (10 : 6 : 50) (black circles) at the room temperature, without 
agitation of the solution. The reduction in the thickness was then measured. In this case, the test piece of non- 
porous Si was etched only by 1 00 Angstrom or less even after elapse of 1 20 minutes. The etching rate showed 
almost no dependency on the solution concentration and temperature. 

35 Both the porous and non-porous Si test pieces after the etching were rinsed with water and the surface 

states of these test pieces were examined by microanalysis with secondary ions but no impurity was detected. 

Naturally, the various embodiments explained in connection with I by making reference to Figs. 1A and 
1B, Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the mixture 
solution of hydrofluoric acid, alcohol and aqueous hydrogen peroxide is used as the etchant for porous Si. 

40 

K5) 

A description will now be given of the case where a buffered hydrofluoric acid is used as the electroless 
wet chemical etching solution for porous Si, with reference to Fig. 7E. For instance, an aqueous solution con- 
45 taining 36.2 % of ammonium fluoride (NH 4 F) and 4.5 % of hydrogen fluoride (HF) is used as the buffered hyd- 
rofluoric acid. 

Fig. 7E shows the time dependency of etching thickness of porous Si as observed when the porous Si is 
immersed in the buffered hydrofluoric acid followed by agitation. The porous Si was formed by anodizing mono- 
crystalline Si under the conditions shown below. The use of the monocrystalline SI as the starting material for 

so forming the porous SI structure through anodization is only illustrative and Si of other crystalline structures can 
be used as the starting material. 
Voltage applied: 2.6 (V) 

Current density: 30 (mA cnrr 2 ) 

Anodizing solution: HF:H 2 0:C 2 H 5 OH = 1:1:1 

55 Time: 2.4 (hours) "" " 

Thickness of p r us Si: 300 (nm) 

Porosity: 56 (%) 

Test pieces of th porous Si prepared as d scribed abov were immers d. followed by agitation, in the 
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buffered hydrofluoric acid (white circles) and in a 20 % diluted buffered hydrofluoric acid (black circles). The 
reductions in th thickness s of th porous Si test pieces were then measured. Large rate of etching of th 
porous Si w re bs rv d: namely, in the case of buff red hydrofluoric acid, the porous Si was tched by 70 
Mm and, in case of the 20 % diluted buff red hydrofluoric acid, the porous Si was tched by 56 pm, in about 

5 40 minutes. After elapse of 120 minutes, the porous Si was etched by a thickness as large as 1 18 urn in th 
case of the buffered hydrofluoric acid and 94 jim in the case of the 20 % diluted buffered hydrofluoric acid, with 
high degrees of states of the etched surfaces. 

The etching rate has dependencies on the density of the hydrofluoric acid solution, as well as on the tem- 
perature of the same. The density of the solution and the temperature of the same are determined to fall within 

10 the ranges which would not cause any practical inconvenience. Although the buffered hydrofluoric acid which 
is an aqueous solution containing 36.2 % of ammonium fluoride (NH 4 F) and 4.5 % of hydrogen fluoride (HF) 
and the 20 % diluted buffered hydrofluoric acid, as well as the room temperature as the solution temperature, 
are mentioned, these solution densities and temperature are only Illustrative and are not Intended to restrict 
the scope of the Invention. 

is The HF concentration in the buffered hydrofluoric acid with respect to the etching solution preferably ranges 

between 1 and 95 %, more preferably between 1 and 85 % and most preferably between 1 and 70 %. The con- 
centration of NH 4 in the buffered hydrofluoric acid with respect to the etching solution is preferably selected to 
range between 1 and 95 %, more preferably between 5 and 90% and most preferably between 5 and 80%. 
The temperature is selected to range preferably 0 to 100 W C, more preferably 5 to 80°C and most preferably 5 

20 to 60°C. 

The porous Si after the etching was rinsed with water and the rinsed surface was examined by micro- 
analysis by using secondary ions but no impurity was detected. 

A description will now be given of the etching characteristics of porous Si and non-porous Si as observed 
when they are etched by the buffered hydrofluoric acid, with specific reference to Fig. 6E. Fig. 6E shows the 

25 time dependencies of etching of porous Si and monocrystalline Si as observed when the porous Si and the 
monocrystalline Si are immersed in the buffered hydrofluoric acid. The porous Si was formed by anodization 
of monocrystalline Si conducted under the same conditions as those shown before. The use of monocrystalline 
Si as the starting material for forming porous Si through anodization is only illustrative and Si of other crystalline 
structures can be used as the starting material. 

30 A test piece of porous Si prepared as described above was immersed, followed by agitation, in the buffered 
hydrofluoric acid (white circles) at the room temperature, and reduction in the thickness of the porous Si was 
measured. The porous Si was rapidly etched: namely, by a thickness of 70 *im in 40 minutes and 118 urn in 
120 minutes, with high degrees of surface quality and uniformity. 

The etching rate has dependencies on the density of the hydrofluoric acid solution, as well as on the tem- 

35 perature of the same. The density of the solution and the temperature of the same are determined to fall within 
the ranges which would not cause any practical inconvenience. Although the buffered hydrofluoric acid which 
is an aqueous solution containing 36.2 % of ammonium fluoride (NH 4 F) and 4.5 % of hydrogen fluoride (HF) 
as well as the room temperature as the solution temperature, are mentioned, these solution densities and tem- 
perature are only illustrative and are not intended to restrict the scope of the invention. 

40 A test piece of a non-porous Si of 500 urn thickness was immersed in the buffered hydrofluoric acid(black 

circles) at the room temperature, followed by agitation of the solution. The reduction in the thickness was then 
measured. In this case, the test piece of non-porous Si was etched only by 100 Angstroms or less even after 
elapse of 120 minutes. The etching rate showed almost no dependency on the solution density and tempera- 
ture. 

45 Both the porous and non-porous Si test pieces after the etching were rinsed with water and the surface 

states of these test pieces were examined by microanalysis with secondary ions but no impurity was detected. 

Obviously, various etching methods explained in connection with (1) by making reference to Figs. 1A and 
1B, Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the buffered 
hydrofluoric acid is used as the etching solution. 

50 

H6) 

A descripti n will now b giv n of the cas where a mixture liquid of a buffer d hydrofluoric acid and an 
alcohol is used as th el ctroless wet ch mical etching s lution for porous Si, with reference to Fig. 7F. For 
55 instance, an aqueous solution containing 36.2 % of amm nium fluoride (NH 4 F) and 4.5 % of hydrog n fluorid 
(HF) is us d as the buffered hydrofluoric acid. 

Fig. 7F sh ws the tim dependency of tching thickness of porous Si as obs rved wh n the por us Si is 
immersed in the mixed solution of the buff red hydrofluoric acid and ethyl alcohol, without agitation. Th porous 
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Si was formed by anodizing monocrystalline Si under tti conditions shown below. Th use f the mon crys- 
talline Si as the starting mat rial for forming th porous Si structure through anodization is only Blustrativ and 
Si of oth r crystalline structures can be used as the starting material. 
Voftag applied: 2.6 (V) 

5 Current d nsity: SOfmAcnr 2 ) 

Anodizing solution: HRHjO^HjOH =1:1:1 

Time: 2.4 (hours) 

Thickness of porous Si: 300 (pm) 

Porosity: 56 (%) 

w Test pieces of the porous Si prepared as described above were immersed, without agitation, in a mixture 
solution of the buffered hydrofluoric acid and ethyl alcohol(10 : 1) (white circles) and in a mixture solution of 
20 % diluted buffered hydrofluoric acid and ethyl alcohol (10 : 1) (black circles). The reductions In the thicknes- 
ses of the porous Si test pieces were then measured. Large rates of etching of the porous Si were observed: 
namely, in the case of the mixture solution of the buffered hydrofluoric acid and ethyl alcohol (1 0 : 1 ), the porous 

is Si was etched by 67 \un and, in case of the mixture solution of the 20 % diluted buffered hydrofluoric acid and 
ethyl alcohol (10 : 1), the porous SI was etched by 54 pm, in about 40 minutes. After elapse of 120 minutes, 
the porous Si was etched by a thickness as large as 1 12 (im in the case of the mixture solution of the buffered 
hydrofluoric acid and ethyl alcohol (10 : 1)and 90 umin the case of the mixture solution of 20% diluted buffered 
hydrofluoric acid and ethyl alcohol (10:1), with high degrees of states of the etched surfaces. The etching rate 

20 has dependencies on the density of the hydrofluoric acid solution, as weD as on the temperature of the same. 
The addition of alcohol serves to remove, without delay, bubbles of reaction product gases generated as a result 
of the etching from the surface being etched, without requiring agitation, thus enabling etching of the porous 
Si with high degrees of uniformity and efficiency. 

The density of the solution and the temperature of the same are determined to fall within the ranges which 

25 would not cause any practical inconvenience. Although the mixture solution of the buffered hydrofluoric acid 
and ethyl alcohol (10:1) and the mixture solution of the 20 % diluted buffered hydrofluoric acid and ethyl alcohol 
(10 : 1), as well as the room temperature as the solution temperature, are mentioned, these solution densities 
and temperature are only illustrative and are not intended to restrict the scope of the invention. 

The HF concentration in the buffered hydrofluoric acid with respect to the etching solution preferably ranges 

30 between 1 and 95 %, more preferably between 1 and 65 % and most preferably between 1 and 70 %. The con- 
centration of NH 4 in the buffered hydrofluoric acid with respect to the etching solution is preferably selected to 
range between 1 and 95 %, more preferably between 5 and 90% and most preferably between 5 and 80%. 
The concentration of the alcohol with respect to the etching solution is preferably 80 % or less, more preferably 
60 % or less and most preferably 40 % or less, and is determined to make the effect of addition of the alcohol 

35 appreciable. The temperature is selected to range preferably 0 to 100°C, more preferably 5 to 80°C and most 
preferably 5 to 60°C. 

Although ethyl alcohol has been specifically mentioned, other alcohols such as isopropyl alcohol, which 
does not cause any inconvenience in the commercial production and which can provide an appreciable effect 
of addition of such alcohol, may be used as the alcohol used in this type of etching solution. 
40 The porous Si after the etching was rinsed with water and the rinsed surface was examined by micro- 

analysis by using secondary ions but no impurity was detected. 

In this etching solution, bubbles of reaction product gases generated as a result of the etching can be 
removed without delay and without requiring agitation of the solution, by virtue of the addition of the alcohol, 
so that the bottoms of minute recesses can be formed with high degrees of smoothness and uniformity. 
45 A description will now be given of the etching characteristics of porous Si and non-porous Si as observed 
when they are etched by the mixture solution of the buffered hydrofluoric acid and the ethyl alcohol, with specific 
reference to Fig. 6F. Fig. 6F shows the time dependencies of etching thickness of porous Si and monocrystalline 
SI as observed when the porous Si and the monocrystalline Si are immersed In the mixture solution of the buf- 
fered hydrofluoric acid and ethyl alcohol. The porous Si was formed by anodization of monocrystalline Si con- 
so ducted under the same conditions as those shown before. The use of monocrystalline SI as the starting material 
for forming porous SI through anodization is only illustrative and Si of other crystalline structures can be used 
as the starting material. 

A test piece of porous Si prepared as described above was imm rs d, without agitation, in th mixture sol- 
ution of th buffered hydrofluoric acid and ethyl alcoh I (10 : 1) (white circles) at th room temperature, and 
55 reduction in the thickness f the porous Si was m asured. The por us Si was rapidly tched: namely, by a thick- 
ness of 67 urn in 40 minutes and 1 1 2 urn In 1 20 minutes, with high degrees of surface quality and uniformity. 

A test piece of a n n-porous Si of 500 ^m thickness was immers d in th mixture solution of the buffered 
hydroflu ric acid and ethyl alcohol (10 : 1) (black circles) at the room temperature, without agitation of th sol- 
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ution. The reduction in the thickness of the non-p rous Si was then measured. In this cas , the test pi ce of 
non-porous Si was etched only by 100 Angstroms or I ss ven aft r laps f 120 minutes. The tching rate 
show d almost no dep ndency n the solution density and temperature. 

Both the porous and n n-porous Si test pieces after th tching were rins d with water and th surface 
6 states of these test pieces were xamin d by microanalysis with secondary ions but no impurity was detected. 

Obviously, various etching methods explained in connection with (1) by making reference to Figs. 1A and 
1B, Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the mixture 
solution of the buffered hydrofluoric acid and alcohol is used as the etching solution. 

10 t£ 

A description will now be given of the case where a mixture solution of a buffered hydrofluoric acid and 
hydrogen peroxide Is used as the electroless wet chemical etching solution for porous SI, with reference to Fig. 
7G For instance, an aqueous solution containing 36.2 % of ammonium fluoride (NH4F) and 4.5 % of hydrogen 

15 fluoride (HF) is used as the buffered hydrofluoric acid. 

Fig. 7G shows the time dependency of etching thickness of porous Si as observed when the porous Si is 
immersed in the mixed solution of the buffered hydrofluoric acid and hydrogen peroxide followed by agitation. 
The porous Si was formed by anodizing monocrystalline SI under the conditions shown below. The use of the 
monocrystalline Si as the starting material for forming the porous Si structure through anodization is only llus- 

20 trative and Si of other crystalline structures can be used as the starting material. 
Voltage applied: 2.6 (V) 

Current density: 30 (mAcrrr 2 ) 

Anodizing solution: HRHjOiCjHsOH = 1:1:1 

Time: 2.4 (hours) 

25 Thickness of porous Si: 300 (jim) 

Porosity. 56 (%) 

Test pieces of the porous Si prepared as described above were immersed, followed by agitation, in a mixt- 
ure solution of the buffered hydrofluoric acid and hydrogen peroxide (1 : 5) (white circles) and in a mixture sol- 
ution of the buffered hydrofluoric acid and hydrogen peroxide (5:1) (black circles). The reductions in the 

30 thicknesses of the porous Si test pieces were then measured. Large rates of etching of the porous Si were 
observed: namely, in the case of the 1 : 5 mixture solution, the porous Si was etched by 88 \im and, in case of 
the 5 : 1 mixture solution, the porous Si was etched by 1 05 urn, in about 40 minutes. After elapse of 1 20 minutes, 
the porous Si was etched by a thickness as large as 147 ^m in the case of the 1 : 5 mixture and 177 \xm in the 
case of the 5 : 1 mixture solution, with high degrees of states of the etched surfaces. In this case, the concen- 

35 tration of hydrogen peroxide was 30 %. This, however, is only illustrative and the concentration of hydrogen 
peroxide is suitably selected within a range which does not impair the effect of addition of hydrogen peroxide. 
The etching rate has dependencies on the solution densities of the buffered hydrofluoric acid and hydrogen 
peroxide, as well as on the temperature of the same. The addition of hydrogen peroxide accelerates the oxi- 
dation of silicon, thus attaining a higher reaction speed as compared to the case where hydrogen peroxide is 

40 not added. In addition, the reaction speed can be controlled by suitably determining the content of hydrogen 
peroxide. 

The density of the solution and the temperature of the same are determined to fall within the ranges which 
would not cause any practical inconvenience in commercial production. Although the mixture solution of the 
buffered hydrofluoric acid and hydrogen peroxide (1 : 5) and the mixture solution of the buffered hydrofluoric 
45 acid and hydrogen peroxide (5:1), as well as the room temperature as the solution temperature, are mentioned, 
these solution densities and temperature are only illustrative and are not intended to restrict the scope of the 
invention. 

The HF concentration in the buffered hydrofluoric acid with respect to the etching solution preferably ranges 
between 1 and 95 %, more preferably between 1 and 85 % and most preferably between 1 and 70 %. The con- 
so centration of NH 4 in the buffered hydrofluoric acid with respect to the etching solution is preferably selected to 
range between 1 and 95 % f more preferably between 5 and 90% and most preferably between 5 and 80%. 
The concentration of HjC^ with respect to the etching solution is preferably 1 to 95 %, more preferably 5 to 90 
% and most pref rably 1 0 to 80 %, and is determined to make the ffect of addition of the hydrogen p roxlde. 
Th temperature is selected to range pref rably 0 1 100°C, more pref rably 5 1 80°C and most preferably 5 
55 to60°C. 

The porous Si after the etching was rinsed with wat r and th rinsed surface was xamined by micro- 
analysis by using secondary ions but no impurity was detect d. 

A d scription will now be giv n of th etching characteristics of porous Si and non-porous Si as observed 
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wh n they are etched by th mixture olution of th buffered hydrofluoric acid and hydrogen peroxide, with 
specific refer nee to Fig. 6G. Fig. 6G shows the timed p ndenciesof tching thickness of porous Si and mono- 
crystallin Si as bservedwh nth porous Si and th monocrystallin Si are immersed in th mixture solution 
of th buffered hydrofluoric acid hydrog n peroxid . Th porous Si was formed by anodization of monocrys- 

5 tallin Si conducted und r the sam condrti ns as thos shown before. Th us of m nocrystalline Si as the 
starting material for forming porous Si through anodization is only illustrative and Si of other crystalline struc- 
tures can be used as the starting material. 

A test piece of porous Si prepared as described above was immersed, followed by agitation, in the mixture 
solution of the buffered hydrofluoric acid and hydrogen peroxide (1 : 5) (white circles) at the room temperature, 

10 and reduction in the thickness of the porous Si was measured. The porous Si was rapidly etched: namely, by 
a thickness of 8B jim in 40 minutes and 147 pm In 120 minutes, with high degrees of surface quality and unifor- 
mity. Although In this case the concentration of hydrogen peroxide was 30 %, this is only illustrative and the 
content of hydrogen peroxide is suitably selected within a range which does not cause any practical inconveni- 
ence and which does not impair the effect produced by the addition of hydrogen peroxide. 

15 Both the porous and non-porous SI test pieces after the etching were rinsed with water and the surface 

states of these test pieces were examined by microanalysis with secondary Ions but no impurity was detected. 

Obviously, various etching methods explained in connection with (1) by making reference to Figs. 1 A and 
1B, Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the mixture 
solution of the buffered hydrofluoric acid and alcohol is used as the etching solution. 

20 

KB) 

The following will now be given of the case where a mixture solution of a buffered hydrofluoric acid, an 
alcohol and hydrogen peroxide is used as the electroless wet chemical etching solution for porous Si, with refer- 

25 ence to Fig. 7H. For instance, an aqueous solution containing 36.2 % of ammonium fluoride (NH4F) and 4.5 % 
of hydrogen fluoride (HF) is used as the buffered hydrofluoric acid. 

Fig. 7H shows the time dependency of etching thickness of porous Si as observed when the porous Si is 
immersed in the mixed solution of the buffered hydrofluoric acid, ethyl alcohol and hydrogen peroxide without 
agitation. The porous Si was formed by anodizing monocrystalline Si under the conditions shown below. The 

30 use of the monocrystalline Si as the starting material for forming the porous Si structure through anodization 
is only illustrative and Si of other crystalline structures can be used as the starting material. 
Voltage applied: 2.6 (V) 

Current density: 30 (mA-cnrr 3 ) 

Anodizing solution: HF:H 2 0:C2H s OH = 1:1:1 

35 Time: 2.4 (hours) 

Thickness of porous Si: 300 (um) 

Porosity: 56 (%) 

Test pieces of the porous Si prepared as described above were immersed, without agitation, in a mixture 
solution of the buffered hydrofluoric acid, ethyl alcohol and hydrogen peroxide (10 : 6 : 50) (white circles) and 

40 in a mixture solution of the buffered hydrofluoric acid, ethyl alcohol and hydrogen peroxide (50 : 6 : 10) (black 
circles). The reductions in the thicknesses of the porous Si test pieces were then measured. Large rates of 
etching of the porous Si were observed: namely, in the case of the 10 : 6 : 50 mixture solution, the porous Si 
was etched by 83 um and, in case of the 50 : 6 : 10 mixture solution, the porous Si was etched by 100 um, in 
about 40 minutes. After elapse of 120 minutes, the porous Si was etched by a thickness as large as 140 urn 

46 in the case of the 1 0 : 6 : 50 mixture and 168 um in the case of the 50 : 6 : 10 mixture solution, with high degrees 
of states of the etched surfaces. In this case, the concentration of hydrogen peroxide was 30 %. This, however, 
is only illustrative and the concentration of hydrogen peroxide is suitably selected within a range which does 
not impair the effect of addition of hydrogen peroxide. The etching rate has dependencies on the concentrations 
of the buffered hydrofluoric acid and hydrogen peroxide, as well as on the temperature of the same. The addition 

so of hydrogen peroxide accelerates the oxidation of silicon, thus attaining a higher reaction speed as compared 
to the case where hydrogen peroxide is not added. In addition, the reaction speed can be controlled by suitably 
determining the ratio of hydrogen peroxide. The addition of alcohol enables bubbles of reaction products gases 
g nerat d as a result of the etching to b removed from the surface being tched, without d lay and without 
agitation, thus making it p ssible to etch th porous SI uniformly and with high efficiency. 

55 Th concentrations of th solution and the temperature of th solution are determiri d t fall within th 

ranges which provide the above effects f the use of the buff r d hydrofluoric acid, hydrogen p roxide and the 
alcohol and which would not cause any practical inconvenience in comm rcial production. Although th mixture 
solution f the buffered hydrofluoric acid, thyl alcohol and hydrog n per xide (10 : 6 : 50) and the mixture sol- 
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utfon f the buff red hydrofluoric acid, ethyl alcohol and hydrogen peroxid (50 : 6 : 10), as well as th room 
temperature as the solution temp rature, are mention d.thes solution ratio and temperature are only illustra- 
tiv and are not intend d to restrict the scope of th inv ntion. 

Th HF c ncentrati n in the buff red hydrofluoric acid with respect to th tching s lution preferably ranges 
between 1 and 95 %, more preferably between 1 and 85 % and most preferably between 1 and 70 %. The con- 
centration of NH 4 F in the buffered hydrofluoric acid with respect to the etching solution is preferably selected 
to range between 1 and 95 %, more preferably between 5 and 90% and most preferably between 5 and 80%. 
The concentration of hfeOj with respect to the etching solution is preferably 1 to 95 %, more preferably 5 to 90 
% and most preferably 1 0 to 80 %, and is determined to make the effect of addition of the alcohol appreciable. 
The concentration of the alcohol with respect to the etching solution is preferably 80 % or less, more preferably 
60 % or less and most preferably 40 % or less, and is determined to make the effect of addition of the alcohol 
appreciable. The temperature is selected to range preferably 0 to 100°C f more preferably 5 to 80°C and most 
preferably 5 to 60°C. 

Although ethyl alcohol has been specifically mentioned, other alcohols such as isopropyl alcohol, which 
does not cause any inconvenience in the commercial production and which can provide an appreciable effect 
of addition of such alcohol, may be used as the alcohol used in this type of etching solution. 

The porous Si after the etching was rinsed with water and the rinsed surface was examined by micro- 
analysis by using secondary ions but no impurity was detected. 

This etching solution enables bubbles of reaction product gases generated by the etching to be removed 
from the surface being etched, without delay and without requiring agitation, so that the etching can be perfor- 
med with high degrees of smoothness and uniformity at the bottoms of minute recesses of the surface to be 
etched. 

Clearly, embodiments explained in the above (1) by making reference to Figs. 1A and 1B, Figs. 2A and 
2B, Figs. 3A to 3C and Figs. 4A to 4C can be realized also in the case where the mixture solution of the buffered 
hydrofluoric acid, alcohol and hydrogen peroxide is used as the etching solution. 

H. The following wifl now be given of a process of the invention for producing a semiconductor member. 

As explained before, the first embodiment of the process for producing the semiconductor member in 
accordance with the present invention has the following features. 

Namely, the first embodiment of the process of the invention for producing a semiconductor member com- 
prises the steps of: forming a member having a non-porous silicon monocrystalline layer and a porous silicon 
layer bonding to the monocrystalline layer a member having an insulating material surface; and removing by 
etching the porous silicon layer by immersing it in hydrofluoric acid. 

As explained before, the second embodiment of the process of the invention for producing a semiconductor 
member uses the same steps as those in the method of the first embodiment, except that, in place of the hyd- 
rofluoric acid used in the first embodiment, one of the second to eighth embodiment of the etching solutions 
mentioned before. 

The third to sixth embodiments of the process of the invention for producing a semiconductor member, 
which also were explained before, are more practical embodiments of the first and the second embodiments 
of the process of the invention. The process of the present invention for producing a semiconductor member 
will be described hereinafter with reference to the third to sixth embodiments. 

HP 

The third embodiment of the process of the invention for producing a semiconductor member will be des- 
cribed with reference to the drawings. 

Embodiment 1 

The following will be first given of a method In which the whole member is changed Into porous structure 
and then a monocrystalline layer is formed on the porous structure by epitaxial growth method. Figs. 8A to 8C 
ar schematics ctional views of th semiconductor m mb r illustrating each of steps of the proc ss. 

Ref rring to Fig. 8A, as th first st p, an Si monocrystalline semic nduct r member 1 1 1s prepared and is 
wholly chang d into porous structur and, then, an epitaxial growth method is applied to one surface of the 
porous memb r, th reby f rming a thin fiim f monocrystalline Si layer 12. The porous structure of Si member 
is formed by, for xample, an anodization employing an HF solution. Th initial monocrystalline Si having the 
d nsity f 2.33 g/cm 3 can be changed into a porous Si m mber th density of which can be varied within the 
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range betw en 1.1 and 0.6 g/cm 3 by varying the HF concentration of the etching solution betwe n 50 % and 
20%. 

Referring now to Fig. 8B, a light-transmissiv substrat 13, which is typically a glass sheet, is prepared 
andb ndedonth surface of the monocrystallin Si layer 12 on the porous Sim mb r.Subs qu ntly.anSy^ 
layer 14 is formed by d position as an anti-etching film to cover the entire member composed of the layer 12 
and the substrate 13 and the Si 3 N 4 layer on the porous Si member 1 1 is removed. Although Si 3 N 4 layer is suit- 
ably used as the anti-etching layer, it is possible to use other materials such as Apiezon wax as the material 
of the anti-etching layer. The porous Si member 1 1 is then immersed in the etching solution of the present inven- 
tion and the solution is agitated so that only the porous Si is etched by electroless chemical etching, whereby 
a thinned non-porous monocrystalline silicon layer 12 is left on the light-transmissive substrate 13. 

Fig. 8C shows the semiconductor member obtained by the present process. It will be said that as a result 
of the removal of the anti-etching SI 3 N 4 layer 14 in the step shown In Fig. 8B, a monocrystalline SI layer 12 
having a crystallinity equivalent to that of a silicon wafer is formed on the llght-transmlsslve substrate 13 with 
high degrees of smoothness and uniformity and with a small thickness, over a wide area covering the whole 
surface of the wafer. 

The semiconductor member thus obtained is advantageous from the view point of production of an insu- 
lation-isolated electronic device. 

Embodiment 2 

The following will now be given of a process in which an N-type layer is formed before changing the initial 
member into porous structure and, subsequently to the formation of the P-type layer, a selective anodization 
is effected to change only the P-type substrate into porous structure. 

Referring to Fig. 9A, as the first step, a layer 32 of a low impurity concentration is formed on the surface 
of a P-type Si monocrystalline substrate 31, by an epitaxial growth. Alternatively, an N-type monocrystalline 
layer 32 may be formed on the surface of the P-type Si monocrystalline substrate 31 by ion-implantation of pro- 
ton. 

Then, as shown in Fig. 9B t the P-type Si monocrystalline substrate 31 is changed into a porous Si substrate 
33 by effecting, on the reverse side of the P-type Si monocrystalline substrate 31, an anodization using, for 
example, an HF solution. The initial monocrystalline Si having the density of 2.33 g/cm 3 can be changed into 
a porous member the density of which can be varied within the range between 1.1 and 0.6 g/cm 3 by varying 
the HF concentration of the etching solution between 50 % and 20 %. 

Referring now to Fig. 9C, a light-transmissive substrate 34, which is typically a glass sheet is prepared 
and bonded on the surface of the monocrystalline Si layer 32 on the porous Si member. Subsequently, an S^N* 
layer 35 is formed by deposition as an anti-etching film to cover the entire member composed of the layer 32 
and the substrate 34 and the Si 3 N 4 layer on the porous Si member 33 is removed. Although sysU layer is suit- 
ably used as the anti-etching layer, it is possible to use other materials such as Apiezon wax as the material 
of the anti-etching layer. The porous Si substrate 33 is then immersed in the etching solution of the present 
invention and the solution is agitated so that only the porous Si is etched by electroless chemical etching, 
whereby a thinned non-porous monocrystalline silicon layer 32 is left on the light-transmissive substrate 34. 

Fig. 9D shows the semiconductor member obtained by the present process. That is, as a result of the 
removal of the anti-etching Si 3 N 4 layer in the step shown in Fig. 9D, a monocrystalline Si layer 32 having a crys- 
tallinity equivalent to that of a silicon wafer is formed on the light-transmissive substrate 34 with high degrees 
of smoothness and uniformity and with a small thickness, over a wide area covering the whole surface of the 
wafer. 

The semiconductor member thus obtained is advantageous from the view point of production of an insu- 
lation-isolated electronic device. 

According to the result of an observation by a transmission electron microscope, micro-pores of an average 
diameter of about 600 Angstrom are formed in the porous Si layer, so that the density of the layer has been 
reduced half or below that of the monocrystalline SI. 

Nevertheless, the monocrystallinlty is still maintained, so that It is possible to form a monocrystalline Si 
layer on the porous layer by epitaxial growth. When the temperature exceeds 1 000°C, rearrangement of Internal 
por s occurs, which impedes th accelerati n fthe tchlng. For this r ason, the epitaxial growth of the SI layer 
is pr ferably eff cted by a low-temp rature growth method such as, for example, a molecule-ray pitaxiat 
growth method, a CVD method such as plasma CVDm thod, low-pressur CVD method r photo-CVDm thod, 
a bias sputt r m thod or a liquid-phas growth m thod. 
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IK2) 

The fourth embodim nt of th process of the invention f producing e semiconductor member will be des- 
cribed with ref rence to the drawing . 

Embodiment 1 

The following will be first given of a form in which the whole P- or high-density N-type substrate Is changed 
Into porous structure and then a monocrystalline layer is formed on the porous structure by epitaxial growth 
method Figs. 10A to 10C are schematic sectional views of the semiconductor member illustrating each of steps 
of the process. 

Referring to Fig. 10A, as the first step, an SI monocrystalline semiconductor member 1 1 of P-type (or high- 
density N-type) Is prepared and is wholly changed Into porous structure and. then, an epitaxial growth Is effected 
by a suitable method on the surface of the porous member, thereby forming a thin film of monocrystalline SI 
layer 12. The porous structure is formed by, for example, an anodization employing an HF solution. The initial 
monocrystalline Si having the density of 2.33 g/cm* can be changed into a porous member the density of which 
can be varied within the range between 1.1 and 0.6 g/cm» by varying the HF concentration of the etching solution 
between 50 % and 20 %. 

Referring now to Fig. 10B. another Si substrate 1 3 is prepared and an insulating layer (silicon oxide layer) 
14 is formed on the surface of this Si substrate 13. Subsequently, the surface of the insulating layer 14 of the 
Si substrate 13 is bonded to the surface of the monocrystalline layer 12 on the porous Si substrate The whole 
structure 11-14 composed of the substrates and layers to 14 is then immersed in the etching solution of the 
present invention and the solution is agitated so that only the porous Si is etched by electrons wet chemical 
etching, whereby a thinned non-porous monocrystalline silicon layer 12 is left on the insulating layer 14. 

Fig. 1 0C shows the semiconductor member obtained by the present process. That is, the monocrystalline 
Si layer 12 having a crystallinity equivalent to that of a silicon wafer is formed on the insulating layer 14 on the 
Si substrate 13 with high degrees of smoothness and uniformity and with a small thickness, over a wide area 
covering the whole surface of the wafer. 

The semiconductor member thus obtained is advantageous from the view point of production of an insu- 
lation-isolated electronic device. 

Embodiment 2 

The following wOl now be given of a process in which an N-type layer is formed before changing the initial 
member into porous structure and, subsequently to the formation of the N-type layer, a selective anodization 
is effected to change only the P-type substrate or the high-density N-type substrate into porous structure. Figs. 
11Ato 11D show, in schematic sectional views, the semiconductor member in different steps of the production 
process. 

Referring to Fig. 1 1A, as the first step, a layer 22 of a low impurity concentration is formed on the surface 
of a P-type (or high-density N-type) Si monocrystalline substrate 21 , by an epitaxial growth performed by a suit- 
able method. Alternatively, an N-type monocrystalline layer 22 may be formed on the surface of the P-type Si 
monocrystalline substrate 21 by ion-implantation of proton. 

Then, as shown in Fig. 11B, the P-type Si monocrystalline substrate 21 is changed into a porous Si sub- 
strate 23 by effecting, on the reverse side of the P-type monocrystalline substrate 21. an anodization using, 
for example, an HF solution. The initial monocrystalline Si having the density of 2.33 g/cm* can be changed 
into a porous member the density of which can be varied within the range between 1 .1 and 0.6 g/cm» by varying 
the HF concentration of the etching solution between 50 % and 20 %. 

Referring now to Fig. 11C, another Si substrate 24 is prepared and an insulating layer 25 (silicon oxide 
layer) is formed on the surface of the Si substrate 24. Then, the insulating layer 25 on the SI substrate 24 is 
bonded to the surface of the monocrystalline Si Iayer22 on the porous substrate. Subsequently, the whole struc- 
ture composed of the substrates and layers 22 to 25 is immersed In the etching solution of the present Invention 
and the solution Is agitated so that only the porous Si is etched by electroless chemical etching, whereby a 
thinned non-porous m nocrystalline silicon layer 22 is left on the insulating layer 25. 

Fig. 11D shows the semiconductor m mber obtained by the pr sent process. That Is, a monocrystalline 
S. layer 22 having a crystallinity qurvalent to that of a silicon wafer is f rmed on the insulating layer 25 with 
high d gr es of smoothness and uniformity and with a small thickness, over a wide area cov rlno the whole 
surface of the waf r. 

The semiconductor member thus obtain d is advantageous from th view point of production of an insu- 
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lation-isolated el ctronicdevic . 
Il-O) 

5 Th fifth embodim nt of the process fth invention wBI be d scribed with reference to the drawings. A 

description will be first given of a form in which the whole Si substrate is changed into porous structure and 
then a monocrystafline layer is formed on the porous structure by epitaxial growth method. 

Referring to Fig. 12A, as the first step, an Si monocrystalline substrate 1 1 is prepared and is wholly changed 
Into porous structure and, then, an epitaxial growth is effected by a suitable method on the surface of the porous 

10 substrate, thereby forming a thin film monocrystalline I ayer 1 2. The porous structure is formed by, for example, 
an anodization employing an HF solution. The Initial monocrystalline SI having the density of 2.33 g/cm» can 
be changed Into a porous Si layer the density of which can be varied within the range between 1.1 and 0.6 
g/cm 3 by varying the HF concentration of the etching solution between 50 % and 20 %. The porous layer is 
tended to form In a P type SI substrate. A transmission ef ectromlcroscoplc observation showed that the porous 

15 Si layer thus formed has micropores of a mean diameter of about 600 Angstroms. 

Referring now to Fig. 12B f a llght-transmlssive substrate 13, which is typically a glass sheet, Is prepared 
Then, the surface of the monocrystalline SI layer on the porous SI substrate Is oxidized to form an oxide layer 
14. The above-mentioned light-transmissive substrate 13 is then bonded on the surface of the oxide layer 14. 
This oxide layer plays an important role formation of device. Namely, with such an oxide layer, the interface 

20 level generated at the interface under the Si active layer can be made lower as compared with the glass inter- 
face, so that the characteristics of the electronic device can be remarkably improved. 

Referring further to Fig. 12B, and S13N4 layer 15 is deposited as an anti-etching film(protective material) to 
cover the entire member composed of the two substrates bonded together, and the Si 3 N 4 layer on the surface 
of porous Si substrate is removed. Although Si 3 N 4 layer is suitably used as the anti-etching layer, it is possible 

25 to use other materials such as Apiezon wax as the material of the anti-etching layer. The porous Si substrate 

11 is then immersed in the etching solution of the present invention with agitating so that only the porous Si is 
etched by electroless chemical etching, whereby a thinned monocrystalline silicon layer is left on the light- 
transmissive substrate 13. 

Fig. 12C shows the semiconductor member obtained by the described process. It will be seen that as a 
30 result of the removal of the anti-etching Si 3 N 4 layer 15 in the step shown in Fig. 12B, a monocrystalline Si layer 

12 haying a crystallinity equivalent to that of a silicon wafer is formed on the light-transmissive substrate 13 
with high degree of smoothness and uniformity and with a small thickness, over a wide area covering the whole 
surface of the wafer. 

The semiconductor member thus obtained is advantageous from the view point of production of an insu- 
35 lation-isolated electronic device. 

ll-(4) 

The sixth embodiment of the process of the invention for producing a semiconductor member will now be 
40 described. 

Embodiment 1 

A description will be first given of a form in which the whole Si substrate is changed into porous structure 
45 and then a monocrystalline layer is formed by epitaxial growth method. 

Figs. 13A to 13C illustrate successive steps of the first embodiment in accordance with the invention. 

Referring to Fig. 13A, as the first step, an Si monocrystalline substrate is prepared and is wholly changed 
Into porous structure (11). Then, an epitaxial growth is effected by a suitable method on the surface of the porous 
substrate, thereby forming a thin film of monocrystalline layer 12. The porous structure is formed by, for 
so example, an anodization employing an HF solution. The initial monocrystalline SI having the density of 2.33 
g/cm* can be changed into a porous Si layer the density of which can be varied within the range between 1.1 
and 0.6 g/cm* by varying the HF concentration of the etching solution between 50 % and 20 %. A transmission 
electromicr scoplc observation showed that the p rousSllay rthusform d has micropores of am andiamet r 
of about 600 Angstroms. 

55 R ferring now to Fig. 13B, anoth r Si substrate 13 is prepared and an insulating material 14 Is formed on 

th surface. Th n the Si substrate having the insulating mat rial 14 is bonded to th surface of an oxide layer 
15 which is formed on the monocrystalline Si layer carried by the porous Si substrat . The insulating material 
14 may be a deposit d silicon oxid . nitride, nitrid d oxid , or tantalum, not to mention the insulating layer of 
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Si. Th bonding step may be conducted by adhering closely the rinsed surfaces, and h ating both substrate 
in an oxyg n atmosphere or a nitrogen atmospher . The ox Id lay r 15 is formed for the purpose of reducing 
th interfac level of the m nocrystalline layer 12 which is the final active layer. 

Th n, as shown in Fig. 1 3C, the porous Si substrate 1 1 is immersed in th tching solution of the present 
5 invention and the solution is agitated, so that nlyth porous Si is tchedby I ctroiess wet chemical etching 
so as to leave a thinned monocrystalline Si layer on the insulating material. Fig. 13C shows the semiconductor 
substrate obtained according to the present invention. As a result, a monocrystalline Si layer 12 having crys- 
talllntty equivalent to that of a silicon wafer is formed on the insulated substrate 13 through the intermediary of 
the insulating material 14 and the oxide layer 15, with high degrees of smoothness and uniformity and with a 
10 small thickness over a wide area covering the whole surface of the wafer. 

The semiconductor member thus obtained is advantageous from the view point of production of an Insu- 
lation-Isolated electronic device. 

Embodiment 2 

15 

A second embodiment will be described with reference to the drawings. 

Figs. 14A to 14D show f In schematic sectional views, the second embodiment according to the present 
invention. 

Referring to Fig. 14A, as the first step, a layer 32 of a low impurity concentration is formed on the surface 
20 of a P-type Si monocrystalline substrate 31, by an epitaxial growth performed by a suitable method. Alterna- 
tively, an N-type monocrystalline layer 32 may be formed on the surface of the P-type Si monocrystalline sub- 
strate 21 by implantation of proton. 

Then, as shown in Fig. 14B, the P-type Si monocrystalline substrate 31 is changed into a porous Si sub- 
strate 33 by effecting, on the reverse side of the P-type Si monocrystalline substrate 31 by anodization using, 
25 for example, an HF solution. The initial monocrystalline Si having the density of 2.33 g/cm 3 can be changed 
into a porous member the density of which can be varied within the range between 1 .1 and 0.6 g/cm 3 by varying 
the HF concentration of the etching solution between 50 % and 20 %. As explained before, this porous layer 
is formed in the P-type substrate. 

Referring now to Fig. 14C, another Si substrate 34 is prepared and an insulating layer 35 is formed on the 
30 surface of the Si substrate 34. Then, the Si substrate 34 having the insulating layer 35 is bonded to the surface 
of the oxide layer 36 formed on the monocrystalline Si layer on the porous Si substrate. Then, the porous Si 
substrate is immersed in the etching solution of the present invention and the solution is agitated so that only 
the porous Si is etched by electroless chemical etching, whereby a thinned non-porous monocrystalline sOicon 
layer is left on the insulating layer. 
35 Fig. 14D shows the semiconductor substrate obtained by the described process. It will be seen that a mono- 

crystalline Si layer 32 having a crystallinity equivalent to that of a silicon wafer is formed on the insulated sub- 
strate 34 through the intermediary of the oxide layer 36 and the insulation layer 35, with high degrees of 
smoothness and uniformity and with a small thickness, over a wide area covering the whole surface of the wafer. 
The semiconductor member thus obtained is advantageous from the view point of production of an insu- 
40 lation-isolated electronic device. 

The processes described above are the type in which the N-type layer is formed prior to changing into por- 
ous structure and then only the P-type substrate is selectively changed into porous structure by anodization. 

III. The present invention will be described below in detail by way of examples. However, the invention is 
45 not limited to these examples except as defined in the appended claims. 



Example 1 

A porous Si layer 21 was formed to a thickness of 50 urn (t 2 = 50 um) on the entirety of one of the major 
so surfaces of a monocrystalline Si substrate 22 by anodization (Fig. 1 A). 
Anodization was performed under the following conditions: 
Applied voltage: 2.6 (V) 

Curr nt density: 30(mAcrrr2) 
Anodizing solution: HF:H 2 0:C 2 H 5 OH = 1:1:1 

55 Time: 0.4 (hour) 

Thickness of p rous Si: 50 (urn) 

Porosity: 56 (%) 

Th reafter. the porous Si/monocrystalline Si substrate was subject d to selectiv etching using a 49% HF 
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solution. In thirty-three minutes, th porou Si was selectively etched with the monocrystalline Si acting as an 
tch stopper, only th monocrystalline Si being left behind, as shown in Fig. 1B. 

Example 2 

Prior to anodization, boron ions were implanted in one of the surfaces of a monocrystalline Si substrate 
32 at an average concentration of 1 .0 x 1 0« cnr 3 in stripes spaced apart from each other by a distance of 1 00 
ym. As shown in Fig. 2A, porous SI 31 was formed by anodization in stripes spaced apart from each other by 
a distance (b 3 = 100 um) of 100 um, each stripe having a width (a, = 100 um) of 100 urn and a thickness (^ = 
1 um) of 1 um. 

Anodization was performed under the following conditions: 
Applied voltage: 2.6 (V) 

Current density: 30 (mA crrr 2 ) 

Anodizing solution: HRHjO^HsOH = 1:1:1 

Thickness of porous SI: 1 (um) 

Porosity: 56 (%) 

Thereafter, the porous Si/monocrystalline Si substrate was subjected to selective etching using a 49% HF 
solution. In two minutes, the porous Si was selectively etched, only the monocrystalline Si being left behind, 
as shown in Fig. 2B. 

Example 3 

A 3um (u 4 = 3 um) thick polycrystalline Si layer 41 was formed on a monocrystalline Si substrate 42 by 
CVD (Fig. 3A). As shown in Fig. 3B ( a surface layer of 2 um (U = 2 um) of the polycrystalline Si layer 41 was 
made porous by anodization to form a porous Si layer 43. 

Anodization was performed under the following conditions: 
Applied voltage: 2.6 (V) 

Current density: 30 (mA crrr 2 ) 

Anodizing solution: HR^O^HjOH = 1:1:1 

Thickness of porous Si: 2 (um) 

Porosity: 56 (%) 

Thereafter, the porous Si/polycrystalline Si/monocrystalline Si substrate was subjected to selective etching 
using a 49% HF solution. In four minutes, the porous Si was selectively etched with the polycrystalline Si acting 
as an etch stopper, only the polycrystalline Si and monocrystalline Si being left behind, as shown in Fig. 3C. 

Example 4 

A 3um (u 6 = 3 um) thick polycrystalline Si layer 51 was formed on a monocrystalline Si substrate 52 by 
CVD. Prior to anodization, boron ions were implanted into the surface of the polycrystalline Si layer 51 at 1 .0 
x 10 19 cm- 3 in stripes spaced apart from each other by a distance of 20 um. As shown in Fig. 4A, porous Si 53 
was formed by anodization in stripes spaced apart from each other by a distance (b 6 = 20 um) of 20 um, each 
stripe having a width (as = 20 um) of 20 um and a thickness (ts = 1 um) of 1 um. 

Anodization was performed under the following conditions: 
Applied voltage: 2.6 (V) 

Current density: 30 (mA-cnrr 2 ) 

Anodizing solution: HF:H 2 0:C2H 5 OH = 1:1:1 

Thickness of porous Si: 1 (um) 

Porosity: 56 (%) 

Thereafter, the porous Si/polycrystalline Si/monocrystalline Si substrate was subjected to selective etching 
using a 49% HF solution. In two minutes, the porous Si was selectively etched, only the polycrystalline Si and 
monocrystalline SI being left behind, as shown In Fig. 4B. 

Exampl 5 

A porous Si layer 61 was formed to a thickness of 50 um (te 
surfaces of a m nocrystalline SI suhstrate 62 by anodizati n (Fig 

Anodization was perform d und r the f (lowing conditions: 
Applied voltage: 2.6 (V) 



= 50 um) on the entirety f one f the major 
. 5A). 
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Current d nsfty: 30 (mA-cnrr^) 

Anodizing solution: HRHjO^HsOH = 1:1:1 

Time: 0.4 (h ur) 

Thickness of porous Si: 50 (pm) 

Porosity: 56 (%) 

As shown in Fig. 5B, a resist 63 was patterned in stripes spaced apart from each other by a distance (b 6 
= 100 pm) of 100 jim, each stripe having a width (a^ = 100 pm) of 100 pm. 

Thereafter, the porous Si/monocrystalline Si substrate was subjected to selective etching using a 49% HF 
solution- In thirty-three minutes, the porous Si was selectively removed, only the monocrystalline SI being left 
behind, as shown in Fig. 5C. Finally, the resist was removed (Fig. 5D). 

Example 6 

Etching was performed In the same manner as that of Example 1 with the exception that a mixture solution 
(10:1) of 49% hydrofluoric acid and ethyl alcohol was used as an etchant In twenty-nine minutes after initiali- 
zation of etching, the porous SI was selectively removed with the monocrystalline Si acting as an etch stopper. 

Example 7 

Etching was performed in the same manner as that of Example 2 with the exception that a mixture solution 
(10:1) of 49% hydrofluoric acid and ethyl alcohol was used as an etchant In one point seven minutes after 
initialization of etching, the porous Si was selectively removed, only the monocrystalline Si being left behind. 

Example 8 

Etching was performed in the same manner as that of Example 3 with the exception that a mixture solution 
(1 0:1) of 49% hydrofluoric acid and ethyl alcohol was used as an etchant In three point four minutes after initiali- 
zation of etching, the porous Si was selectively removed with the polycrystalline Si acting as an etch stopper, 
only the polycrystalline Si and the monocrystalline Si being left behind, as shown in Fig. 3C. 

Example 9 

Etching was performed in the same manner as that of Example 4 with the exception that a mixture solution 
(10:1) of 49% hydrofluoric acid and ethyl alcohol was used as an etchant In one point seven minutes after 
initialization of etching, the porous Si was selectively removed, only the polycrystalline Si and monocrystalline 
Si being left behind, as shown in Fig. 4B. 

Example 10 

Etching was performed in the same manner as that of Example 5 with the exception that a mixture solution 
(10:1) of 49% hydrofluoric acid and ethyl alcohol was used as an etchant In twenty-nine minutes after initiali- 
zation of etching, the porous Si was selectively removed, only the monocrystalline Si being left behind, as shown 
in Fig. 5C. Finally, the resist was removed (Fig. 5D). 

Example 11 

Etching was performed in the same manner as that of Example 1 with the exception that a mixture solution 
(1:5) of 49% hydrofluoric acid and hydrogen peroxide was used as an etchant In twenty-one minutes after 
Initialization of etching, the porous Si was selectively removed with the monocrystalline Si acting as an etch 
stopper, only the monocrystalline Si being left behind, as shown in Fig. 1B. 

Example 12 

Etching wasp rformedinth sam mann r as that of Exam pi 2withth xception that a mixture solution 
(1:5)of49%hydrofiu ric acid and hydrogen p r xid was us d as an etchant In on p int three minutes after 
initialization of tching, the porous Si was selectiv ly r moved, only the m nocrystalline Si b ing left behind, 
as shown in Fig. 2B. 
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Example 13 

Etching was performed in the same manner as that of Example 3 with th exception that a mixtur solution 
(1 :5) of 49% hydrofluoric acid and hydrogen peroxide was used as an tchant In two point six minutes after 
5 initializati not tching, the porous Si wa s lectfvely removed with the polycrystalline Si acting as an etch stop- 
per, only the polycrystalline Si and the monocrystal line Si being left behind, as shown in Fig. 3C. 

Example 14 

10 Etching was performed in the same manner as that of Example 4 with the exception that a mixture solution 

(1 :5) of 49% hydrofluoric acid and hydrogen peroxide was used as an etch ant In one point three minutes after 
Initialization of etching, only the porous Si was selectively removed, only the polycrystalline SI and monocrys- 
talline Si being left behind, as shown in Fig. 4B. 

is Example 15 

Etching was performed in the same manner as that of Example 5 with the exception that a mixture solution 
(1 :5) of 49% hydrofluoric acid and hydrogen peroxide was used as an etchant In this etching, only the porous 
Si was selectively removed, leaving the monocrystaliine Si behind, as shown in Fig. 5C. Finally, the resist was 
20 removed (Fig. 5D). 

Example 16 

Etching was performed in the same manner as that of Example 1 with the exception that a mixture solution 
25 (1 0:6:50) of 49% hydrofluoric acid, ethyl alcohol and hydrogen peroxide was used as an etchant In twenty-six 
minutes after initialization of etching, the porous Si was selectively removed with the remaining monocrystaliine 
Si acting as an etch stopper, as shown in Fig. 1B. 

Example 17 

30 

Etching was performed in the same manner as that of Example 2 with the exception that a mixture solution 
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and hydrogen peroxide was used as an etchant In one point 
four minutes after initialization of etching, the porous Si was selectively removed, only the monocrystaliine Si 
being left behind, as shown in Fig. 2B. 

35 

Example 18 

Etching was performed in the same manner as that of Example 3 with the exception that a mature solution 
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and hydrogen peroxide was used as an etchant In two point 
40 eight minutes after initialization of etching, the porous Si was selectively removed with the polycrystalline Si 
acting as an etch stopper, only the polycrystalline Si and the monocrystaliine Si being left behind, as shown in 
Fig. 3C. 

Example 19 

46 

Etching was performed in the same manner as that of Example 4 with the exception that a mixture solution 
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and hydrogen peroxide was used as an etchant In one point 
four minutes after initialization of etching, the porous SI was selectively removed, only the polycrystalline Si 
and monocrystaliine Si being left behind, as shown in Fig. 4B. 

50 

Example 20 

Etching wasp rformed in the same manner as that of Example 5 with the except! n that a mixtur s lution 
(1 0:6:50) of 49% hydrofluoric acid, ethyl alcoh I and hydrog n peroxide was used as an etchant. In twenty-eight 
55 minutes aft r initialization of etching, the porous Si was selectively removed, only th monocrystaliine Si being 
I ft behind, as shown in Fig. 5C. Finally, the resist was remov d (Fig. 5D). 
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Example 21 

Etching was p rformed in the same mann r as that of Example 1 with th xception that a buffered hyd- 
rofluoric acid (NH 4 F: 36.2%, HF: 4.5%) was us d as an tchant In nineteen minutes after initialization of tch- 
5 ing, th porous Si was selectively removed with th monocrystalline Si acting as an tch topper, a shown in 
Rg. 1B. 

Example 22 

10 Etching was performed in the same manner as that of Example 2 with the exception that a buffered hyd- 

rofluoric acid (NH 4 F: 36.2%, HF: 4.5%) was used as an etchant in seven seconds after initialization of etching, 
only the porous Si was selectively removed, leaving the monocrystalline SI behind, as shown in Ftg. 2B. 

Example 23 

15 

Etching was performed in the same manner as that of Example 3 with the exception that a buffered hyd- 
rofluoric acid (NH 4 F: 36.2%, HF: 4.5%) was used as an etchant In fourteen seconds after initialization of etch- 
ing, the porous SI was selectively removed with the polycrystalline SI acting as an etch stopper, only the 
polycrystalline Si and the monocrystalline Si being left behind, as shown in Fig. 3C. 

20 

Example 24 

Etching was performed in the same manner as that of Example 4 with the exception that a buffered hyd- 
rofluoric acid (NH 4 F: 36.2%, HF: 4.5%) was used as an etchant In seven seconds after initialization of etching, 
25 only the porous Si was selectively removed, leaving the polycrystalline Si and monocrystalline Si behind, as 
shown in Fig. 4B. 

Example 25 

30 Etching was performed in the same manner as that of Example 5 with the exception that a buffered hyd- 

rofluoric acid (NH 4 F: 36.2%, HF: 4.5%) was used as an etchant In nineteen minutes after initialization of etch- 
ing, the porous Si was selectively removed, only the monocrystalline SI being left behind, as shown in Fig. 5C. 
Finally, the resist was removed (Fig. 5D). 

35 Example 26 

Etching was performed in the same manner as that of Example 1 with the exception that a mixture solution 
(1 0:1) of buffered hydrofluoric acid and ethyl alcohol was used as an etchant In twenty-one minutes after initiali- 
zation of etching, the porous Si was selectively removed with the monocrystalline Si acting as an etch stopper, 
40 only the monocrystalline Si being left behind, as shown in Fig. 1 B. 

Example 27 

Etching was performed in the same manner as that of Example 2 with the exception that a mixture solution 
45 (10:1) of buffered hydrofluoric acid and ethyl alcohol was used as an etchant In seven seconds after initiali- 
zation of etching, only the porous Si was selectively removed, leaving the monocrystalline Si behind, as shown 
in Fig. 2B. 

Example 28 

50 

Etching was performed in the same manner as that of Example 3 with the exception that a mixture solution 
(10:1) of buffered hydrofluoric acid and ethyl alcohol was used as an etchant. in fourteen seconds after Initiali- 
zation of etching, th porous Si was selectively removed with the polycrystalline SI acting as an tch stopp r, 
only the polycrystallin SI and the monocrystalline SI being left b hind, as shown in Fig. 3C. 

55 " ~ 

Exampl 29 



Etching was p rfonm d in the same manner as that of Example 4 with th 
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(10:1) of buffered hydrofluoric acid and thyl alcohol was used as an etchant In s v n seconds after initiali- 
zation of tching, only the porous Si was selectively remov d, leaving th polycrystaliine Si and monocrystaliin 
Si behind, as shown in Fig. 4B. 

5 Example 30 

Etching was performed in the same manner as that of Example 5 with the exception that a mixture solution 
(1 0:1) of buffered hydrofluoric acid and ethyl alcohol was used as an etchant In twenty-one minutes after Initiali- 
zation of etching, the porous Si was selectively removed, only the monocrystalline Si being left behind, as shown 
10 in Fig. 5C. Finally, the resist was removed (Fig. 5D). 

Example 31 

Etching was performed in the same manner as that of Example 1 with the exception that a mixture solution 
15 (1 :5) of buffered hydrofluoric acid and hydrogen peroxide was used as an etchant In nine minutes after initiali- 
zation of etching, the porous Si was selectively removed with the monocrystalline Si acting as an etch stopper, 
only the monocrystalline SI being left behind, as shown In Fig. 1B. 

Example 32 

Etching was performed in the same manner as that of Example 2 with the exception that a mixture solution 
(1:5) of buffered hydrofluoric acid and hydrogen peroxide was used as an etchant In five seconds after initiali- 
zation of etching, only the porous Si was selectively removed, leaving the monocrystalline Si behind, as shown 
in Fig. 2B. 

Example 33 

Etching was performed in the same manner as that of Example 3 with the exception that a mixture solution 
(1:5) of buffered hydrofluoric acid and hydrogen peroxide was used as an etchant In ten seconds after initiali- 
se zation of etching, the porous Si was selectively removed with the polycrystaliine Si acting as an etch stopper, 
only the polycrystaliine Si and the monocrystalline Si being left behind, as shown in Fig. 3C. 

Example 34 

35 Etching was performed in the same manner as that of Example 4 with the exception that a mixture solution 
(1 :5) of buffered hydrofluoric acid and hydrogen peroxide was used as an etchant In five seconds after initiali- 
zation of etching, only the porous Si was selectively removed, leaving the polycrystaliine Si and monocrystalline 
Si behind, as shown in Fig. 4B. 

40 Example 35 

Etching was performed in the same manner as that of Example 5 with the exception that a mixture solution 
(1:5) of buffered hydrofluoric acid and hydrogen peroxide was used as an etchant In nine minutes, the porous 
Si was selectively removed, only the monocrystalline Si being left behind, as shown in Fig. 5C. Finally, the resist 
46 was removed (Fig. 5D). 

Example 36 

Etching was performed in the same manner as that of Example 1 with the exception that a mixture solution 
so (10:6:50) of buffered hydrofluoric acid (NH 4 F: 36.2%, HF 4.5%), ethyl alcohol and hydrogen peroxide was used 
as an etchant In ten minutes after initialization of etching, the porous Si was selectively removed with the mono- 
crystalline Si acting as an etch stopper, only the monocrystalline Si being left, as shown in Fig. 1B. 

Example 37 

55 - - 

Etching was perf rmed in the sam mann r as that of Example 2 with the exception that a mixture solution 
(10:6:50) of buffered hydrofluoric acid (NH 4 F: 36.2%, HF 4.5%), thyl alcohol and hydrogen peroxide was used 
as an etchant In six seconds after inttialtzati n f tching. only the porous Si was selectiv ly removed, leaving 
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th monocrystalline Si behind, as shown in Fig. 2B. 
Example 38 

6 Etching wasp rformed in the sam mann r as that of Example 3 with the xcepti n that a mixture solution 

(1 0:6:50) of buffered hydrofluoric acid (NH 4 F: 36.2%, HF 4.5%), ethyl alcohol and hydrogen peroxide was used 
as an etchant In twelve seconds after initialization of etching, the porous Si was selectively removed with the 
polycrystalline Si acting as an etch stopper, only the polycrystalilne Si and the monocrystalline Si being left 
behind, as shown in Fig. 3C. 

10 

Example 39 

Etching was performed In the same manner as that of Example 4 with the exception that a mixture solution 
(10:6:50) of buffered hydrofluoric acid (NH 4 F: 36.2%, HF4.5%), ethyl alcohol and hydrogen peroxide was used 
15 as an etchant In six seconds after initialization of etching, only the porous SI was selectively removed, leaving 
the polycrystalline Si and monocrystalline SI behind, as shown in Fig. 4B. 

Example 40 

20 Etching was performed in the same manner as that of Example 5 with the exception that a mixture solution 

(10:6:50) of buffered hydrofluoric add (NH 4 F: 36.2%, HF4.5%), ethyl alcohol and hydrogen peroxide was used 
as an etchant In ten minutes after initialization of etching, the porous Si was selectively removed, only the 
monocrystalline Si being left behind, as shown in Fig. 5C. Finally, the resist was removed (Fig. 5D). 

25 Example 41 

Anodization was conducted on a P-type (100) monocrystalline Si substrate having a thickness of 200 \xm 

in a 50% HF solution at a current density of 100 mA/cm 2 . The porous structure formation rate was 8.4 um/min 

and hence it took twenty four minutes for the 200 urn-thick P-type (1 00) Si substrate to be made entirely porous. 
30 A Si epitaxial layer with a thickness of of 0.5 um was grown on the P-type (100) porous Si substrate at a 

low temperature by molecular beam epitaxy (MBE). Deposition was conducted under the following conditions: 

Temperature: 700°C 

Pressure: 1 x 10-® Torr 

Growth rate: 0.1 nm/sec. 
35 Next, an optically polished fused silica glass substrate was placed on the surface of the epitaxial layer. 

The whole structure was then heated at 800°C in an oxygen atmosphere for 0.5 hours to firmly join the two 

substrates to each other. 

Si 3 ISU was deposited to a thickness of 0.1 u/n by plasma CVD method to cover the bonded substrates, and 
then only the nitride film on the porous substrate was removed by reactive ion etching. Thereafter, selective 
40 etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution while the solution was 
being stirred. In seventy eight minutes, the porous Si substrate was completely etched with the monocrystalline 
Si layer acting as an etch stopper, only the monocrystalline Si layer being left behind. 

The etching rate of the non-porous monocrystalline St was so low that only a maximum of 50 A of non-por- 
ous monocrystalline Si was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
45 porous monocrystalline Si to that of the porous layer is 1 : 1 0 s or more, the amount of non-porous layer which 
is etched (several tens angstroms) can be ignored in a practical operation. That is, the 200 urn-thick porous Si 
substrate was removed, and subsequently the S^N* layer was removed with a result that the 0.5 urn-thick mono- 
crystalline Si layer formed on the glass substrate remained. 

The cross-section of the monocrystalline Si layer was observed with a transmission type electron micro- 
so scope. It was found that no crystal defect was newly introduced In the SI layer and hence the Si layer had excel- 
lent crystalline structure. 

Exampl 42 

55 Anodization was conducted on a P type (100) monocrystalline Si substrate having a thickness of 200 u,m 

in a 50% HF solution at a curr nt d nslty of 100 mA/cm 2 . The porous structure formation rate was 8.4 jim/min 
and henc it took twenty four minut s for the 200 um-thick P type (1 00) Si substrate to be made ntirely porous. 
A Si epitaxial layer with a thickness of 5.0 u.m was grown on the P type (100) porous Si substrate at a low tem- 
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peratur by plasma CVD. D position was conducted under the following conditions: 
Gas: SW 4 
High-frequency power 100 W 
T mperature: 800°C 

5 Pressure: 1 x 10- 2 Torr 

Growth rate: 2.5 nm/sec. 

Next, an optically polished glass substrate having a softening point of about 500 °C was placed on the sur- 
face of the epitaxial layer. The whole structure was heated at 450°C in an oxygen atmosphere for 0.5 hours to 
firmly join the two substrates to each other. 

10 Si 3 N 4 was deposited to a thickness of 0.1 um by plasma CVD to cover the two bonded substrates, and 

then only the nitride film on the porous substrate was removed by reactive Ion etching. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous Si substrate was completely etched 
with the monocrystalllne Si layer acting as an etch stopper, only the monocrystalline Si layer being left behind. 

15 The etching rate of the non-porous monocrystalllne Si was so low that only a maximum of 50 A of non-por- 

ous monocrystalllne SI was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalllne Si to that of the porous layer is 1 : 1 0 s or more, the amount of non-porous layer which 
is etched (several tens angstroms) can be ignored in a practical operation. That is, the 200 urn-thick porous Si 
substrate was removed, and subsequently the S^ layer was removed with a result that the 5.0 um-thick mono- 

20 crystalline Si layer formed on the glass substrate having a low softening point remained. 



Example 43 



Anodkation was conducted on a P type (100) monocrystalline Si substrate having a thickness of 200 um 

25 in a 50% HF solution at a current density of 100 mA/crri 2 . The porous structure formation rate was 8.4 um/min 
and hence it took twenty four minutes for the 200 um-thick P type (100) Si substrate to be made entirely porous. 
A Si epitaxial layer with a thickness of 1 .0 um was grown on the P type (1 00) porous Si substrate at a low tem- 
perature by bias sputtering. Deposition was conducted under the following conditions: 
RF frequency: 100 MHz 

so High-frequency power 600 W 
Temperature: 300°C 
Ar gas pressure: 8 x lO^ 3 Torr 

Growth rate: 120 minutes 

Target d.c. bias: -200 V 

35 Substrate d.c. bias: +5 V 

Next, an optically polished glass substrate having a softening point of about 500 °C was placed on the sur- 
face of the epitaxial layer. The whole structure was heated at 450°C in an oxygen atmosphere for 0.5 hours to 
firmly join the two substrates to each other. 

Si 3 N 4 was deposited to a thickness of 0.1 um by plasma CVD to cover the two bonded substrates, and 

40 then only the nitride film on the porous substrate was removed by reactive ion etching. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous Si substrate was completely etched 
with the monocrystalline Si layer acting as an etch stopper, only the monocrystalline Si layer being left behind. 
The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of notvpor- 

46 ous monocrystalline Si was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalline Si to that of the porous layer is 1 : 1 0 5 or more, the amount of non-porous layer which 
is etched (several tens angstroms) can be ignored in a practical operation. That is, the 200 um-thick porous Si 
substrate was removed, and subsequently the Si 3 N 4 layer was removed with a result that the 1 .0 unvthick mono- 
crystalline Si layer on the glass substrate having a tow softening point remained. 

so In case of coating of Aplexon Wax or Electron Wax in place of the SI 3 N 4 layer, the same effect was obtained 

and only the Si substrate made porous was completely removed. 



Exampl 44 



55 Anodization was conducted on a N type (1 00) monocrystallin Si substrat having a thickness of 200 um 

in a 50% HF soiuti n at a curr nt density of 100 mA/crri 2 . Th porous structure formation rat was 8.4 urn/min 
andh nc it took twenty four minutes forth 200 um-thick N type (100) Si substrate t bemade ntirely porous. 
A Si pitaxial layer with a thickness of 10 um was grown on the N type (100) porous Si substrate at a I w tem- 
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perature by liquid phas growth m thod under the following conditions: 
Solvent Sn, Solute: Si 

Growth temperature: 900°C 
Growth atmosphere: H 2 
5 Growth time: 20 minut s 

Next, an optically polished glass substrate having a softening point of about 800 °C was placed on the sur- 
face of the epitaxial layer. The whole structure was heated at 750°C in an oxygen atmosphere for 0.5 hours to 
firmly join the two substrates to each other. 

Si 3 N 4 was deposited to a thickness of 0.1 pm by plasma CVD to cover the two bonded substrates, and 
10 then only the nitride film on the porous substrate was removed by reactive ion etching. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous Si substrate was completely etched 
with the monocrystalline Si layer acting as an etch stopper, only the monocrystallfne SI layer being left behind. 
The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
ts ous monocrystalline SI was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalline Si to that of the porous layer is 1 : 10* or more, the amount of non-porous layer which 
Is etched (several tens angstroms) can be ignored in a practical operation. That Is, the 200 nm- thick porous Si 
substrate was removed, and subsequently the SfeN 4 layer was removed with a result that the 10 |im-thick mono- 
crystalline Si layer on the glass substrate remained. 
20 Coating of Apiezon Wax in place of the S13N4 layer was also effective and assured complete removal of 

only the porous Si substrate. 



Example 45 



25 Anodization was conducted on a P type (100) monocrystalline Si substrate having a thickness of 200 urn 

in a 50% HF solution at a current density of 100 mA/cm 2 . 

The porous structure formation rate was 8.4 nm/min and hence it took twenty four minutes for the 200 nm- 

thick P type (100) Si substrate to be made entirely porous. A Si epitaxial layer with a thickness of 1.0 urn was 

grown on the P type (100) porous Si substrate at a low temperature by low-pressure CVD. Deposition was con- 
30 ducted under the following conditions: 

Source gas: SiH 4 800 SCCM 

Carrier gas: H 2 1 50 liter/min 

Temperature: 850°C 

Pressure: 1x1(HTorr 
35 Growth rate: 3.3 nm/sec 

Next, an optically polished fuzed sfflca glass substrate was placed on the surface of the epitaxial layer. 

The whole structure was heated at 800°C in an oxygen atmosphere for 0.5 hours to firmly join the two substrates 

to each other. 

Si 3 N4 was deposited to a thickness of 0.1 jim by plasma CVD to cover the two bonded substrates, and 
40 then only the nitride film on the porous substrate was removed by reactive ion etching. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous Si substrate was completely etched 
with the monocrystalline Si layer acting as an etch stopper, the monocrystalline Si layer being left behind. 
The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
46 ous monocrystalline Si was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalline Si to that of the porous layer is 1 : 1 0 5 or more, the amount of non-porous layer which 
is etched (several tens angstroms) can be ignored in a practical operation. That is, the 200 mn-thick porous Si 
substrate was removed, and subsequently the SI3N4 layer was removed with a result that the 1 .0-th ick ym mono- 
crystalline Si layer on the silica glass substrate remained. 
so When SiH 2 CI 2 was used as the source gas, the growth temperature had to be higher by several tens of 

degrees. However, high-speed etching characteristics to the porous substrate did not deteriorate. 



Example 46 



A Si epitaxial layer with a thickn ss of 1 .0 \im was gr wn on a P type (1 00) SI substrate having a thickness 
of 200 nm by CVD. Deposition was conducted und r th f flowing conditions: 
Reactive gas flow rate: SiH 4 1000 SCCM 

H 2 230 liter/min 
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Temperature: 

Pressure: 

Time: 



1080°C 
760 Torr 
2min 



Anodization was conducted on the sub trat in a 50% HF solution at a current d nsrty of 1 00 mA/cm 2 . The 
5 porous structure formation rate was 8.4 pm/min and hence it took twenty four minutes for the 200 pm-thick P 
type (1 00) Si substrate to be made entirety porous. At that time, there was no change in the Si epitaxial layer. 

Next, an optically polished fuzed silica glass substrate was placed on the surface of the epitaxial layer The 
whole structure was heated at 800°C In an oxygen atmosphere for 0.5 hours to firmly join the two substrates 
to each other. 

w Si 3 N 4 was deposited to a thickness of 0.1 \im by plasma CVD to cover the two bonded substrates, and 

then only the nitride film on the porous substrate was removed by reactive ion etching. 

Thereafter, selective etching was conducted on the bonded substrates In a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous Si substrate was completely removed 
with the monocrystalline Si layer acting as an etch stopper, only the monocrystalline SI layer being left behind. 

1 5 The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 

ous monocrystalline SI was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalline Si to that of the porous layer is 1 : 10 s , the amount of non-porous layer which Is etched 
(several tens angstroms) can be ignored in a practical operation. That is, the 200 finvthick porous Si substrate 
was removed, and subsequently the SI 3 N 4 layer was removed with a result that the 1 .0 nm monocrystalline Si 

20 layer on the silica glass substrate remained. 

The cross-section of the monocrystalline Si layer was observed with a transmission type electron micro- 
scope. It was found that no crystal defect was newly introduced in the Si layer and hence the Si layer had excel- 
lent crystalline structure. 

25 Example 47 

A Si epitaxial layer with a thickness of 0.5 urn was grown on a P type (100) Si substrate having a thickness 
of 200 iim by CVD. Deposition was conducted under the following conditions: 
Reactive gas flow rate: SiH 2 CI 2 1 000 SCCM 

30 H 2 230 liter/min 

Temperature: 1 080°C 

Pressure: 80 Ton- 

Time: 1 min 

Anodization was conducted on the substrate in a 50% HF solution at a current density of 100 mA/cm 2 . The 
35 porous structure formation rate was 8.4 iim/min and hence it took twenty four minutes for the 200 nm-thick P 
type (100) Si substrate to be made entirely porous. As mentioned above, anodization made only the P type 
(100) Si substrate porous, and there was no change in the Si epitaxial layer. 

Next, an optically polished fuzed silica glass substrate was placed on the surface of the epitaxial layer. 
The whole structure was heated at 800°C in an oxygen atmosphere for 0.5 hours to firmly join the two substrates 
40 to each other. 

Si 3 N 4 was deposited to a thickness of 0.1 pm by plasma CVD to cover the two bonded substrates, and 
then only the nitride film on the porous substrate was removed by reactive ion etching. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous Si substrate was completely etched 
45 with the monocrystalline Si layer acting as an etch stopper, only the monocrystalline SI layer being left behind. 

The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
ous monocrystalline Si was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalline Si to that of the porous layer is 1 : 10 5 , the amount of non-porous layer which is etched 
(several tens angstroms) can be ignored in a practical operation. That is, the 200 jmrvthick porous Si substrate 
so was removed, and subsequently the Si 3 N 4 layer was removed with a result that the 0.5 nm-thick monocrystalline 
Si layer on the silica glass substrate remained. 

The cross-section of the monocrystalline St layer was observed by a transmission type electron micro- 
scope. It was found that no crystal def ct was newly introduced in the SI layer and hence th Si layer had exc I- 
lent crystalline structure. 



55 



Example 48 



A N type Si layer with a thickn ss of 1 \im was form d on a P typ (100) Si substrate having a thickness 
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of 200 urn by proton implantation. Implantation rate of KT was 5 x 10 15 (ions/cm 2 ). 

Anodization was conducted on the substrat in a 50% HF solution at a current density of 1 00 mA/cm 2 . The 
porous structure formation rate was 8.4 jim/min and h nee it took tw nty four minutes for th 200 nm-thick P 
type (100) Si substrate to be made entirely porous. As m nti ned above, anodization made only th P type 
6 (100) Si substrat porous, and th re was n Chang inth N type Si lay r. 

Next, an optically polished fuzed silica glass substrate was placed on the surface of the N type Si layer. 
The whole structure was heated at 800°C in an oxygen atmosphere for 0.5 hours to firmly join the two substrates 
to each other. 

Si 3 N 4 was deposited to a thickness of 0.1 urn by plasma CVD to cover the two bonded substrates, and 
10 then only the nitride film on the porous substrate was removed by reactive ion etching. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In seventy eight minutes, the porous SI substrate was completely etched 
with the monocrystalline Si layer acting as an etch stopper, only the monocrystalline SI layer being left behind. 
The etching rate of the non-porous monocrystalline SI was so low that only a maximum of 50 A of non-por- 
ts ous monocrystalline Si was removed in seventy eight minutes. Since the ratio of the etching rate of the non- 
porous monocrystalline Si to that of the porous layer is 1 : 10 5 , the amount of non-porous layer which is etched 
(several tens angstroms) can be ignored in a practical operation. That is, the 200 iim-thlck porous SI substrate 
was removed, and subsequently the Si 3 N 4 layer was removed with a result that the 1 ^m- thick monocrystailine 
Si layer on the silica glass substrate remained. 
20 The cross-section of the monocrystalline Si layer was observed by a transmission type electron micro- 

scope. It was found that no crystal defect was newly introduced in the Si layer and hence the Si layer had excel- 
lent crystalline structure. 



Example 49 

25 

Anodization was conducted on a P type (100) monocrystalline Si substrate having a thickness of 200 jim 
in a HF solution under the following conditions: 
Applied voltage: 2.6 (V) 

Current density: 30 (mA-crrr 2 ) 

30 Anodizing solution: HF:H 2 0:C2H 5 OH = 1:1:1 

Time: 1.6 (hour) 

Thickness of porous Si: 200 (jim) 

Porosity: 56 (%) 

A Si epitaxial layer with a thickness of 0.5 \im was grown on the P type (100) porous Si substrate at a low 

35 temperature by molecular beam epitaxy (MBE). Deposition was conducted under the following conditions: 
Temperature: 700°C 
Pressure: 1 x 10- 9 Ton- 

Growth rate: 0.1 nm/sec. 

Next, a second Si substrate with a 5000 A thick oxidized layer formed on the surface thereof was placed 

40 on the surface of the epitaxial layer. The whole structure was heated at 800°C in an oxygen atmosphere for 
0.5 hours to firmly join the two substrates to each other. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In sixty two minutes, the porous Si substrate was completely etched with 
the monocrystalline Si layer acting as an etch stopper, only the monocrystalline Si layer being left behind. 

45 The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 

ous monocrystalline Si was removed in sixty-two minutes. Since the ratio of the etching rate of the non-porous 
monocrystalline Si to that of the porous layer is 1 : 1 0 5 , the amou nt of non-porous layer which is etched (several 
tens angstroms) can be ignored in a practical operation. That is, the 200 nm-thick porous Si substrate was 
removed with a result that the 0.5 nm-thick monocrystalline Si layer formed on the SI0 2 layer remained. 

so The cross-section of the monocrystalline Si layer was observed by a transmission type electron micro- 

scope. It was found that no crystal defect was newly introduced in the Si layer and hence the SI layer had excel- 
lent crystalline structure. 
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Exampl 50 

Anodization was conduct d on a P type (100) monocrystalline Si substrat having a thickn ss of 200 nm 
in a HF solution in th same manner as that of Example 49. 

A Si epitaxial lay r with a thickness of 0.5 urn was grown n the P typ (100) porous Si substrate at a low 
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temperature by plasma CVD. Deposition was conducted under the following conditions: 
Gas: SM 4 
High-fr quencypow n 100 W 
T mperature: 800°C 

6 Pr ssure: 1 x 10- 2 Torr 

Growth rate: 2.5 nm/sec. 

Next, a second Si substrate with a 5000 A thick oxidized layer formed on the surface thereof was placed 
on the surface of the epitaxial layer. The whole structure was heated at 800°C in an oxygen atmosphere for 
0.5 hours to firmly Join the two substrates to each other. 

10 Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In sixty two minutes, the porous SI substrate was completely etched with 
the monocrystalline Si layer acting as an each stopper, only the monocrystalllne SI layer being left behind. 

The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
ous monocrystalline Si was removed In sixty-two minutes. Since the ratio of the etching rate of the non-porous 

is monocrystalline Si to that of the porous layer is 1 : 1 0 6 , the amount of non-porous layer which is etched (several 
tens angstroms) can be ignored in a practical operation. That is, the 200 urn-thick porous SI substrate was 
removed with a result that the 0.5 um thick monocrystalline Si layer on the St0 2 layer remained. 



20 
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Example 51 



Anodizatbn was conducted on a P type (100) monocrystalline Si substrate having a thickness of 200 urn 
in a HF solution in the same manner as that of Example 49. 

A Si epitaxial layer with a thickness of 0.5 urn was grown on the P type (100) porous Si substrate at a low 
temperature by bias sputtering. Deposition was conducted under the following conditions: 

25 RF frequency: 100 MHz 

High-frequency power 600 W 
Temperature: 300°C 
At gas pressure: 8 x 1 0- 3 Ton- 

Growth time: 60 minutes 

30 Target d.c. bias: -200 V 

Substrate d.c. bias: +5 V 

Next, a second Si substrate with a 5000 A thick oxidized layer formed on the surface thereof was placed 
on the surface of the epitaxial layer. The whole structure was heated at 800°C in an oxygen atmosphere for 
0.5 hours to firmly join the two substrates to each other. 

35 Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 

while the solution was being stirred. In sixty two minutes, the porous Si substrate was completely etched with 
the monocrystalline Si layer acting as an etch stopper, the monocrystalline Si layer being left behind. 

The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
ous monocrystalline Si was removed in sixty-two minutes. Since the ratio of the etching rate of the non-porous 

40 monocrystalline Si to that of the porous layer is 1 : 10 5 , the amount of non-porous layer which is etched (several 
tens angstroms) can be ignored in a practical operation. That is, the 200 urn-thick porous Si substrate was 
removed with a result that the 0.5 urn thick monocrystalline Si layer on the Si0 2 layer remained. 



Example 52 



Anodizatton was conducted on a N type (100) monocrystalline Si substrate having a thickness of 200 urn 
in a HF solution in the same manner as that of Example 49. 

A Si epitaxial layer with a thickness of 5 urn was grown on the N type (100) porous SI substrate at a low 
temperature by liquid phase growth under the following conditions: 
so Solvent: Sn, Solute: Si 

Growth temperature: 900°C 
Growth atmosphere: H 2 
Growth rate: 10 minutes 

N xt, a second Si substrate with a 5000 A thick oxidized layer form d on the surface thereof was placed 
55 on the surface of the epitaxial layer. Th whol structur was heated at 800°C in an oxyg n atmospher for 
0.5 hours to firmly join the two substrates t each other. 

Th reafter, s I ctive tching was conducted n the bonded substrat s in a 49% hydroflu ric acid solution 
while the soluti n was being stirred. In sixty two minutes, th porous Si substrate was compl tely tched with 
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the monocrystalline Si lay r acting as an etch stopper, th monocrystallin Si layer b ingleftb hind. 

The etching rate of th n n-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
ous nrx>nocrystalline Si was removed in sixty-two minutes. Sine th ratio of the etching rat ofth non-porous 
monocrystalline Si to that of th porous layer is 1 : 1 0 5 , th amount of non-porous layer which is etch d (s vera! 
6 tens angstroms) can be ignored in a practical operation. That is, th 200 jim-thick porous Si substrat was 
removed with a result that the 5 nm thick monocrystalline Si layer on the Si0 2 layer remained. 

Example 53 

10 Anodtzation was conducted on a P type (100) monocrystalline Si substrate having a thickness of 200 pm 

In a HF solution in the same manner as that of Example 49. 

A SI epitaxial layer with a thickness of 1.0 \im was grown on the P type (100) porous Si substrate at a low 
temperature by low-pressure CVD. Deposition was conducted under the following conditions: 
Source gas: SiH 4 

is Carrier gas: H 2 
Temperature: 850°C 
Pressure: 1 x 10- 2 Torr 

Growth rate: 3.3 nm/sec 

Next, a second Si substrate with a 5000 A thick oxidized layer formed on the surface thereof was placed 

20 on the surface of the epitaxial layer. The whole structure was heated at 800°C in an oxygen atmosphere for 
0.5 hours to firmly join the two substrates to each other. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred, in sixty two minutes, the porous Si substrate was completely etched with 
the monocrystalline Si layer acting as an etch stopper, the monocrystalline Si layer being left behind. 

25 The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 

ous monocrystalline Si was removed in sixty-two minutes. Since the ratio of the etching rate of the non-porous 
monocrystalline Si to that of the porous layer is 1 : 1 0 s , the amount of non-porous layer which is etched (several 
tens angstroms) can be ignored in a practical operation. That is, the 200 tim-thick porous Si substrate was 
removed with a result that the 1 .0 jim thick monocrystalline Si layer on the Si0 2 layer remained. 

30 When SiH 2 CI 2 was used as the source gas, the growth temperature had to be higher by several tens of 

degrees. However, high-speed etching characteristics to the porous substrate did not deteriorate. 

Example 54 

35 A Si epitaxial layer with a thickness of 1 \im was grown on a P type (100) Si substrate having a thickness 
of 200 fim by low-pressure CVD. Deposition was conducted under the following conditions: 
Reactive gas flow rate: SiH 2 CI 2 1 000 SCCM 

H 2 230 liter/min 
Temperature: 1080°C 
40 Pressure: 80 Torr 

Time: 2 min 

Anodization was conducted on the substrate in a 50% HF solution at a current density of 100 mA/cm 2 . The 
porous structure formation rate was 8.4 nm/min and hence it took twenty four minutes for the 200 fim-thick P 
type (100) Si substrate to be made entirely porous. As mentioned above, anodization made only the P type 
45 (100) Si substrate porous, and did not affect the Si epitaxial layer at all. 

Next, a second Si substrate with a 5000 A-thick oxidized layer formed on the surface thereof was placed 
on the surface of the epitaxial layer. The whole structure was heated at 800°C in an oxygen atmosphere for 
0.5 hours to firmly join the two substrates to each other. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
so while the solution was being stirred. In sixty two minutes, the porous Si substrate was completely etched with 
the monocrystalline Si layer acting as an etch stopper, while the monocrystalline SI layer remained. 

The etching rate of the non-porous monocrystalline SI was so low that only a maximum of 50 A of non-por- 
ous monocrystalline SI was removed in sixty two minutes. Since the ratio of the etching rat of the non-porous 
monocrystallin Sltothatof the porous lay ris 1:10 5 , th amountofn n-por us layer which Is etch d(s veral 
55 tens angstr ms) can be ignored in a practical operation. That is, th 200 nm-thick porous Si substrat was 
removed with a r suit that th 1 .0 \im thick monocrystallin SI layer n th Si0 2 layer r mained. 

Th cross-section of the monocrystalline Si layer was observed by a transmission type lectron micro- 
scope. It was found that no crystal defect was newly introduced in the Si layer and h nee the Si layer had excel- 



34 



EP0 499 488 A2 



lent crystallin structure. 
Example 55 

6 A Si epitaxial lay r with a thickness of 5 urn was grown n a P type (100) Si substrate having a thickn ss 

of 200 |im by atmospheric CVD. Deposition was conducted under the following conditions: 

Reactive gas flow rate: SBH 2 Cl2 1000 SCCM 

H 2 230 liter/min 

Temperature: 1080°C 
10 Pressure: 760Torr 

Time: 1 mln 

Anodization was conducted on the substrate in a HF solution In the same manner as that of Example 49. 

As mentioned above, anodization made only the P type (100) SI substrate porous, and did not affect the SI 

epitaxial layer at all. 

15 Next, a second Si substrate with a 5000 A-thick oxidized layer formed on the surface thereof was placed 

on the surface of the epitaxial layer. The whole structure was heated at 800°C In an oxygen atmosphere for 
0.5 hours to firmly join the two substrates to each other. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In sixty two minutes, the porous Si substrate was completely etched with 
20 the monocrystalline Si layer acting as an etch stopper, the monocrystalline Si layer being left behind. 

The etching rate of the non-porous monocrystalline SI was so low that only a maximum of 50 A of non-por- 
ous monocrystalline Si was removed in sixty two minutes. Since the ratio of the etching rate of the non-porous 
monocrystalline Si to that of the porous layer is 1 : 10 6 , the amount of non-porous layer which is etched (several 
tens angstroms) can be ignored in a practical operation. That is, the 200 pm-thick porous Si substrate was 
25 removed with a result that the 5.0 urn thick monocrystalline Si layer on the Si0 2 layer remained. 

The cross-section of the monocrystalline Si layer was observed by a transmission type electron micro- 
scope. It was found that no crystal defect was newly introduced in the Si layer and hence the Si layer had excel- 
lent crystalline structure. 

30 Example 56 

A N type Si layer with a thickness of 1 pm was formed on a P type (100) Si substrate having a thickness 
of 200 \xm by proton implantation. Implantation rate of H* was 5 x 10 15 (ions/cm 2 ). 

Anodization was conducted on the substrate in a 50% HF solution at a current density of 100 mA/cm 2 . The 
35 porous structure formation rate was 8.4 pm/min and hence it took twenty four minutes for the 200 urn-thick P 
type (100) Si substrate to be made entirely porous. As mentioned above, anodization made only the P type 
(100) Si substrate porous, and did not change the N type Si layer. 

Next, a second Si substrate with a 5000 A-thick oxidized layer formed on the surface thereof was placed 
on the surface of the N type Si layer. The whole structure was heated at 800°C in an oxygen atmosphere for 
40 0.5 hours to firmly join the two substrates to each other. 

Thereafter, selective etching was conducted on the bonded substrates in a 49% hydrofluoric acid solution 
while the solution was being stirred. In sixty two minutes, the porous Si substrate was completely etched with 
the monocrystalline Si layer acting as an etch stopper, the monocrystalline Si layer being left behind. 

The etching rate of the non-porous monocrystalline Si was so low that only a maximum of 50 A of non-por- 
46 ous monocrystalline Si was removed in sixty two minutes. Since the ratio of the etching rate of the non-porous 
monocrystalline Si to that of the porous layer is 1 : 1 0 s , the amount of non-porous layer which is etched (several 
tens angstroms) can be ignored in a practical operation. That is, the 200 fim-thick porous Si substrate was 
removed with a result that the 1.0 urn thick monocrystalline Si layer on the SI0 2 layer remained. 

The cross-section of the monocrystalline Si layer was observed by a transmission type electron micro- 
so scope. It was found that no crystal defect was newly introduced in the SI layer and hence the SI layer had excel- 
lent crystalline structure. 

Example 57 

55 A P-type (100) single-crystals (m nocrystal) Si substrat of a thickness of 200 \i was anodized in 50 % HF 

solution. Th current d nsity th n was 100 mA/cm 2 . Th por us structure formati n rate th n was about 8.4 
nm/min.. and the P-typ (100) Si substrate of a thickness of 200 \i was rendered p rous in its entirety for 24 
minutes. 
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According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 p was grown at a lower 
temperature nth P-typ (100) porous Si substrate. Th condtti nsford position are as follows; 
temperature: 700 °C 
pressure: 1 x 10-* Torr 

6 growth rate: 0.1 nm/sec. 

Subsequently, the surface of the epitaxial layer was thermally oxidized In a depth of 50 nm. A substrate of 
fused silica glass processed with optical polishing was bonded onto the thermally oxidized membrane (i.e., film), 
and both of the substrates were strongly bonded together by heating at 800 °C for 0.5 hour in oxygen atmos- 
phere. 

10 According to low pressure CVD, Si 3 N 4 was deposited to 0.1 pm, thereby coating the bonded two substrates. 

Thereafter, only the nitride membrane (film) on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the 
single-crystal Si layer remained without etching, while the porous SI substrate was selectively etched with the 
single-crystal Si as a material for etching stopper and then completely removed. 

is The etching rate of the non-porous SI single-crystal (monocrystal) with the etching solution was extremely 

low, such as 50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the 
porous layer to that of the non-porous SI single-crystal was as large as 10 6 or more. The etched amount in the 
non-porous layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, 
the Si substrate of a thickness of 200 p, rendered porous, was removed, and after the removal of the SfeNU 

20 layer, a single-crystal Si layer of a thickness of 0.5 pm was formed on the substrate of the silica glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

Example 58 

23 

A P-type (100) single-crystal Si substrate of a thickness of 200 p was anodized in 50 % HF solution. The 
current density then was 100 mA/cm 2 . The porous structure formation rate then was abut 8.4 pm/min., and the 
P-type (100) Si substrate of a thickness of 200 p was rendered porous in its entirety for 24 minutes. According 
to plasma CVD method, an Si epitaxial layer of 5 p was grown at a lower temperature on the P-type (100) porous 

so Si substrate. The conditions for deposition are as follows; 
gas: SiH 4 
high-frequency power 100 W 
temperature 800 °C 

pressure: 1x10^ Torr 

35 growth rate: 2.5 nm/sec. 

Subsequently, the surface of the epitaxial layer was thermally oxidized in a depth of 50 nm. A glass sub- 
strate, having being processed with optical polishing and having a softening point around 500 °C, was bonded 
onto the thermally oxidized membrane, and both of the substrates were strongly bonded together by heating 
at 450 °C for 0.5 hour in oxygen atmosphere. 

40 According to plasma CVD method, was deposited to 0.1 pm, thereby coating the bonded two subs- 

trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the 
single-crystal Si layer remained without etching, while the porous Si substrate was selectively etched with the 
single-crystal Si as a material for etching stopper and then completely removed. 

46 The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

50 angstroms or less even 78 minutes later, so that the selective ratio of the ethcing rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 5 or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That Is, the Si sub- 
strate of a thickness of 200 p, rendered porous, was removed, and after the removal of the SI3N4 layer, a sing- 

50 le-crystal Si layer of a thickness of 5 pm was formed on the glass substrate of a lower softening point 

Example 59 

A P-type (100) single-crystal Si substrate of a thickness of 200 p was anodized in 50 % HF solution. The 
55 curr nt density th n was 100 mA/cm 2 . The porous structure formation rat then was abut 8 ; 4 pm/min., and th 
P-type (100) Si substrat of a thickness f 200 p was rendered porous in its ntirety for 24 minutes. According 
t th rmalCVDm thod.anSi pitaxiallay r f5p was grown at a I wer temperature n the P-type (100) porous 

51 substrate. The conditions for deposit! n are as follows; 
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gas: SiH 4 (0.6 l/min), H 2 (1 00 l/min) 

temperature: 850 °C 
pressure: 50 Ton- 

growth rat : 0.1 unVmin. 

5 Subsequ ntfy, th surface of the pttaxial layer was th nmally oxidized in a d pth of 50 nm. A glass sub- 

strate, having being processed with optical polishing and having a softening point around 500 °C, was bonded 
onto the thermally oxidized membrane, and both of the substrates were strongly bonded together by heating 
at 450 °C for 0.5 hour in oxygen atmosphere. 

According to plasma CVD method, SI 3 N 4 was deposited to 0.1 urn, thereby coating the bonded two subs- 

10 trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the 
single-crystal Si layer remained without etching, while the porous Si substrate was selectively etched with the 
single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous SI single-crystal with the etching solution was extremely low, such as 

is 50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous SI single-crystal was as large as 10 s or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease In membrane thickness. That is, the SI sub- 
strate of a thickness of 200 rendered porous, was removed, and after the removal of the SiaN* layer, a sing* 
le-crystal Si layer of a thickness of 5 jim was formed on the glass substrate of a lower softening point 

20 A similar effect could be obtained by using Apiezon wax or electron wax, instead of Si 3 N 4 , so that only the 

Si substrate rendered porous could be removed completely. 

Example 60 

25 A P-type (100) single-crystal Si substrate of a thickness of 200 u. was anodized in 50 % HF solution. The 

current density then was 100 mA/cm 2 . The porous structure formation rate then was abut 8.4 um/min., and the 
P-type (1 00) Si substrate of a thickness of 200 u was rendered porous in its entirety for 24 minutes. According 
to bias sputter method, an Si epitaxial layer of 1.0 u was grown at a lower temperature on the P-type (100) 
porous Si substrate. The conditions for deposition are as follows; 

30 RF frequency: 1 00 MHz 

high-frequency power 600 W r 

temperature: 300 °C 

At gas pressure: 8 x 1 0- 3 Ton* 

growth time: 120 minutes 

35 target direct current bias: -200 V 

substrate direct current bias: +5 V. 

Subsequently, the surface of the epitaxial layer was thermally oxidized in a depth of 50 nm. A glass sub- 
strate, having being processed with optical polishing and having a softening point around 500 °C, was bonded 
onto the thermally oxidized membrane, and both of the substrate were strongly bonded together by heating at 

ao 450 °C for 0.5 hour in oxygen atmosphere. 

According to plasma CVD method, S13N4 was deposited to 0.1 urn, thereby coating the bonded two subs- 
trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the 
single-crystal Si layer remained without etching, while the porous Si substrate was selectively etched with the 

45 single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the SI sub- 

50 strate of thickness of 200 u, rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
le-crystal Si layer of a thickness of 1.0 nm was formed on the glass substrate of a lower melting point 

A similar effect could be obtained by using Apiezon wax or electron wax, instead of SI 3 N 4 , so that only the 

51 substrate rendered porous could be removed completely. 

55 Example 61 ._. _ 

A N-type (100 single-crystal Si substrate of a thickn ss of 200 u. was anodized in 50 % HF solution. Th 
current density th n was 100 mA/cm 2 . The porous structure formation rate then was about 8.4 um/min.. and 
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the N-type (100) Si substrat of a thickness of 200 u. was rendered porous in Its ntirety for 24 minutes. Accord- 
ing to liquid phas growth meth d f an Si epitaxial layer of 10 fiwas grown at a low r temperature n the N-type 
(100) porous Si substrat . Th conditions for deposit} nar as follows; 
solvent Sn, Solute: Si 

6 growth t mperatur : 900°C 
growth atmosphere: H 2 
growth time: 20 minutes. 

Subsequently, the surface of the epitaxial layer was thermally oxidized in a depth of 50 nm. A glass sub- 
strate, having being processed with optical polishing and having a softening point around 800 °C, was bonded 
10 onto the thermally oxidized membrane, and both of the substrates were strongly bonded together by heating 
at 750 °C for 0.5 hour In oxygen atmosphere. 

According to low pressure CVD method, Si 3 N 4 was deposited to 0.1 \im, thereby coating the bonded two 
substrates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive Ion etching. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the 
15 single-crystal Si layer remained without etching in 78 minutes, while the porous Si substrate was selectively 
etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si-single crystal with the etching solution was extremely low, such as 

50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 

20 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate, rendered porous, of a thickness of 200 \x was removed, and after the removal of the S13N4 layer, a sing- 
le-crystal Si layer of a thickness of 10 was formed on the glass substrate of a lower softening point 

A similar effect could be obtained by using Apiezon wax or electron wax, instead of Si 3 N 4 , so that only the 

51 substrate rendered porous could be removed completely. 
25 Example 62 

According to CVD method, an St epitaxial layer of 0.5 n was grown at a lower temperature on a P-type 
(100) Si substrate of a thickness of 200 *x. The conditions for deposition are as follows; 
reactive gas flow rate: SiH 2 CI 2 1000 SCCM 

H 2 230 l/min. 
30 temperature: 1080 °C 

pressure: 80 Torr 

time: 1 minute. 

The present substrate was anodized in 50 % HF solution. The current density then was 100 mA/cm 2 . The 
porous structure formation rate then was about 8,4 iim/min., and the P-type (100) Si substrate of a thickness 
35 of 200 n was rendered porous in its entirety for 24 minutes. As has been described above, the present anodi- 
zation rendered only the P-type (100) Si substrate porous, but no change was observed in the Si epitaxial layer. 

Subsequently, the surface of the epitaxial layer was thermally oxidized in a depth of 50 nm. A substrate of 
fused silica glass, processed with optical polishing, was bonded onto the thermally oxidized membrane, and 
both of the substrates were strongly bonded together by heating at 800 °C for 0.5 hour in oxygen atmosphere. 
40 According to low pressure CVD method, Si 3 N* was deposited to 0.1 u/n, thereby coating the bonded two 
substrates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the 
single-crystal Si layer remained without etching, while the porous Si substrate was selectively etched with the 
single-crystal Si as a material for etching stopper and then completely removed. 
46 The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 5 or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease In membrane thickness. That is, the Si sub- 
strate of a thickness of 200 rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
so le-crystal Si layer of a thickness of 0.5 nm was formed on the glass substrate. 

A similar effect could be obtained by using Apiezon wax or electron wax, instead of Si 3 N 4 , so that only the 

51 substrate rendered porous could be removed completely. 

As a result of observation of th s ction und r a transmission-type electron microscope, it was c nfinmed 
that no new crystal d feet was introduced in th Si layer and that xcel lent crystal Unity was maintain d. 

55 

Example 63 

A N-typ Si lay r 1 \\ was formed on the surfac of a P-type (1 00) Si substrat f a thickness of 200 n. by 
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ion implantation f proton. The implanted amount of KT was 5 x 10 15 ions/cm 2 . Th substrate was anodized in 
60 % HF olution. Th current d nsity th n was 100 mA/crrR Th porou structure formation rat thnwas 
about 8.4 uirtmin., and th P-typ (100) Si substrate of a thickn ss of 20 On was rendered porous in its entirety 
for 24 minutes. According to th present anodization as has been described above, nly th P-type (100) Si 

6 substrate was rendered porous, but n change was bs rv din the N-type Si layer. Subsequ ntly, the surface 
of the N-type single-crystal layer was thermally oxidized in a depth of 50 nm. A substrate of fused silica glass 
processed with optical polishing was bonded onto the thermally oxidized membrane, and both of the substrates 
were strongly bonded together by heating at 800 °C for 0.5 hour in oxygen atmosphere. 

According to low pressure CVD method, Si 3 N 4 was deposited to 0.1 urn, thereby coating the bonded two 

10 substrates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 
Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid. In 78 minutes, only the sing- 
le-crystal Si layer remained without etching, whPe the porous Si substrate was selectively etched with the sing- 
le-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

is 50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 1 0 5 or more. The etched amount in non-porous layer 
(several tens angstroms) Is a practically negligible decrease in membrane thickness. That is, the Si substrate 
of a thickness of 200 u, rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a single-crystal 
Si layer of a thickness of 1.0 um was formed on the glass substrate. 

20 A similar effect could be obtained by using Apiezon wax or electron wax, instead of Si 3 N 4 , so that only the 

Si substrate rendered porous could be removed completely. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 



25 Example 64 



A P-type (100) single-crystal Si substrate of a thickness of 200 n was anodized in 50 % HF solution. 
The conditions for deposition are as follows; 

applied voltage: 2.6 V 

30 current density: 30 mA-crrr 2 

solution for anodization: HF:H 2 0:C2H 5 OH = 1:1:1 

time: 1.6 hours 

thickness of porous Si: 200 um 

porosity: 56 %. 

35 According to MBE method, an Si epitaxial layer of 0.5 \i was grown at a lower temperature on the P-type 

(100) porous Si substrate. The conditions for deposition are as follows; 

temperature: 700 °C 

pressure: 1 x 10-* 

growth rate: 0.1 nm/sec. 
40 Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the epitaxial layer, and 

another Si substrate on the surface of which was formed an oxidized layer of 5000 angstroms, was bonded to 

the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the Si substrates were 

strongly bonded together. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid while under stirring. In 
45 78 minutes, only the single-crystal Si layer remained without etching, while the porous Si substrate was selec- 
tively etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
so layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the SI sub- 
strate of a thickness of 200 u, rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
le-crystal SI layer of a thickness of 0.5 um was formed on the SI0 2 . As a result of observation of the section 
under a transmission-type electron microscope. It was confirmed that no new crystal defect was introduced in 
the Si lay r and that excellent crystallinity was maintain d. 
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A P-typ (100) single-crystal Si substrat of a thickness of 200 u was anodized in HF solution. 
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Th conditions for anodization are as follows; 

applied voltage: 2.6 V 

current density: 30 mA-cnr 2 

solution for anodization: HFih^OrC^HsOH = 1:1:1 
5 time: 1.6 h urs 

thickness of porous Si: 200 urn 

porosity: 56 %. 

According to plasma CVD method, and Si epitaxial layer of 0.5 p was grown at a lower temperature on the 

P-type (100) porous Si substrate. The conditions for deposition are as follows; 
10 gas: SfrH 4 

high-frequency power. 1 00 W 

temperature: 800 °C 

pressure: 1x10-2 Torr 

growth rate: 2.5 nm/sec. 

15 Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the epitaxial layer, and 

another Si substrate on the surface of which was formed as oxidized layer of 5000 angstroms was bonded to 

the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the SI substrates were 

strongly bonded together. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid while under stirring. In 
20 78 minutes, only the single-crystal Si layer remained without etching, while the porous Si substrate was selec- 
tively etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 6 or more. The etched amount in the non-porous 
25 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 n, rendered porous, was removed, and a single-crystal Si layer of a thickness of 
0.5 um was formed on the Si0 2 . 



Example 66 

30 

A P-type (100) single-crystal Si substrate of a thickness of 200 \x was anodized in HF solution. 
The conditions for anodization are as follows; 

applied voltage: 2.6 V 

current density: 30 mKamr 2 

35 solution for anodization: HF:H 2 0:C2H 5 OH = 1:1:1 

time: 1.6 hours 

thickness of porous Si: 200 um 

porosity: 56 %. 

According to bias sputter method, an Si epitaxial layer of 0.5 \x was grown at a lower temperature on the 
40 P-type (100) porous Si substrate. The conditions for deposition are as follows; 

RF frequency: 100 MHz 

high-frequency power 600 W 

temperature: 300 °C 

Ar gas pressure: 8 x 1 0- 3 Torr 

46 growth time: 60 minutes 

target direct current bias: -200 V 

substrate direct current bias: +5 V. 

Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the epitaxial layer, and 

another Si substrate on the surface of which was formed an oxidized layer of 5000 angstroms was bonded to 
so the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the SI substrates were 

strongly bonded together. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acis while under stirring. In 
78 minutes, only the single-crystal SI layer remained without etching, while the porous Si substrate was selec- 
ts |y etch d with the single-crystal SI as a material for tchlng stopper and then compl tely remov d. The tch- 
55 ingrateofth n n-porous Si single-crystal with the etching sotuti n was extremely I w, such as 50 angstroms 
or less v n 78 minut s later, so that the s lectiv ratio of the etching rate of the porous lay r to that of the 
n n-porous Si single-crystal was as large as 1 0 5 or more. The tched amount in the non-porous layer (sev ral 
tens angstroms) is a practically negligible d crease in membrane thickn ss. That is. the Si substrate of a thick- 
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nes8of200 n, rendered porous, was removed, and a single-crystal Si lay r fa thickness of 0.5 \xm was formed 
on the St0 2 . 



Exampl 67 

5 

A N-type (100) single-crystal Si substrate of a thickness of 200 \x was anodized in HF solution. 

The conditions for anodization are as follows; 
applied voltage: 2.6 V 

current density: 30 mAcrrr 2 

10 solution for anodization: HF:H 2 0:C2H 5 OH = 1:1:1 
time: 1.6 hours 

thickness of porous Si: 200 pm 

porosity: 56 %. 

According to liquid phase growth method, an Si epitaxial layer of 5 n was grown at a lower temperature on 
is the N-type (100) porous Si substrate. The conditions for growth are as follows; 
solvent Sn, Solute: Si 

growth temperature: 900°C 
growth atmosphere: H 2 
growth period: 10 minutes 

20 Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the epitaxial layer, and 

another Si substrate on the surface of which was formed an oxidized layer of 5000 angstroms was bonded to 
the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the Si substrates were 
strongly bonded together. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid while under stirring. Only 
25 the single-crystal Si layer remained without etching in 78 minutes, while the porous Si substrate was selectively 
etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 78 minutes layer, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
30 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 \i, rendered porous, was removed, and a single-crystal Si layer of a thickness of 
0.5 iim was formed on the Si0 2 . 



Example 68 

35 

A P-type (100) single-crystal Si substrate of a thickness of 200 \i was anodized in HF solution. 

The conditions for anodization are as follows; 
applied voltage: 2.6 V 

current density: 30 mA-crrr 2 

40 solution for anodization: HF:H 2 0:C2H 5 OH = 1:1:1 
time: 1.6 hours 

thickness of porous Si: 200 \xm 

porosity: 56 %. 

According to low pressure CVD method, an Si epitaxial layer of 1.0 ft was grown at a lower temperature 
46 on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
source gas: SiH 4 
carrier gas: H 2 
temperature: 850 °C 
pressure: 1x10~ 2 Torr 
so growth rate: 3.3 nm/sec. 

Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the epitaxial layer, and 
another SI substrate on the surface of which was formed an oxidized layer of 5000 angstroms was bonded to 
the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the Si substrates were 
strongly bond d togeth r. 

55 Then, th bond d substrat s wer sel ctively etched with 49 % hydroflu ric acid while und r stirring. In 

78 minutes, only the single-crystal Si layer remain d with ut etching in 78 minutes, while the porous Si substrate 
was sel ctively tch d with the single-crystal Si as a material for tchingstopp randth ncompl t lyr moved. 
Th etching rat of the n n-porous Si single-crystal with the etching solution was extremely low, such as 
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50 angstroms or less ven 78 minutes later, so that the selectiv ratio of the tching rate of th porous layer 
to that of th non-porous Si single-crystal was as large as 10 5 or more. The tched amount in th non-porous 
lay r (sev rat t ns angstroms) is a practically negligibl decreas in membrane thickness. That is, the Si sub- 
strate, rendered porous, of a thickness of 200 u was removed, and a single-crystal Si lay r of a thickness of 
6 1.0 urn was formed on the Si0 2 . Wh n SiH 2 CI 2 was used as a sourc gas, it was required to raise th growth 
temperature by several tens of degrees. Nevertheless, the accelerating etching characteristics to porous sub- 
strates was maintained. 

Example 69 

10 

According to low pressure CVD method, an SI epitaxial layer of 1 u was grown at a lower temperature on 
a P-type (100) porous Si substrate. The conditions for deposition are as follows; 
reactive gas flow rate: SfH 2 CI 2 1000SCCM . 

H 2 230 l/mln 
is temperature: 1080 °C 

pressure: 80 Torr 

time: 2mln. 

The substrate was anodized in 50 % HF solution. The current density then was 100 mA/cm 2 . The porous 
structure formation rate then was 8.4 um/min., and the P-type (100) Si substrate of a thickness of 200 \x was 
20 rendered porous in its entirety for 24 minutes. According to the present anodization, as has been described 
above, only the P-type (1 00) Si substrate was rendered porous, but no change was observed in the Si epitaxial 
layer. 

Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the epitaxial layer, and 
another Si substrate on the surface of which was formed an oxidized layer of 5000 angstroms was bonded to 
25 the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the Si substrates were 
strongly bonded together. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid while under stirring. In 
78 minutes, only the single-crystal Si layer remained without etching, while the porous Si substrate was selec- 
tively etched with the single-crystal Si as a material for etching stopper and then completely removed. 

so The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 5 or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 u,, rendered porous, was removed, and a single-crystal Si layer of a thickness of 

35 1 .0 jim was formed on the Si0 2 . 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

Example 70 

40 

According to atmospheric pressure CVD method, an Si epitaxial layer of 5 n was grown at a lower tem- 
perature on a P-type (100) Si substrate. The conditions for deposition are as follows; 
reactive gas flow rate: S9H 2 CI 2 1 000 SCCM 

H 2 230 l/min 
45 temperature: 1080 °C 

pressure: 760 Torr 

time: 1 min. 

The Si substrate was anodized in HF solution. 
The conditions for anodization are as follows; 
50 applied voltage: 2.6 V 

current density: 30 mA-cnr 2 

solution for anodization: HF:H 2 0:C 2 H 5 OH = 1:1:1 

time: 1.6 hours 

thickness of porous Si: 200 um 

55 porosity: 56%. 1 - 

According to the pres ntanodizati n as has be n describ d above, only the P-type (1 00) Si substrate was 
rend red porous, but no change was observed in th Si epitaxial lay r. 

Subsequently, an oxidized layer of 1000 angstroms was f rmed on th surface f the pitaxial layer, and 
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anoth r Si substrate nth surface of which was formed an oxidized layer of 5000 angstroms was bonded to 
th oxidized surface. By h ating in oxygen atmospher at 800 °C for 0.5 hour, both f the Si substrates w re 
strongly bonded togeth r. 

Then, the bonded ubstrates were selectively tched with 49 % hydrofluoric acid whfl und r stirring. In 
s 78 minutes, nlythe ingle-crystal Si layer remained with ut tching, while the porous Si substrate wa selec- 
tively etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount In the non-porous 
10 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate, rendered porous, of a thickness of 200 ^ was removed, and a single-crystal SI layer of a thickness of 5 
Mm was formed on the SIO2. As a result of observation of the section under a transmission-type electron micro- 
scope, it was confirmed that no new crystal defect was introduced in the SI layer and that excellent crystalllnity 
was maintained. 

15 

Example 71 

A N-type Si layer of 1 \x was formed on the surface of a P-type (100) Si substrate of a thickness of 200 \u 
by ion implantation of proton. The implanted amount of H* was 5 x 10 15 ions/cm 2 . The substrate was anodized 

20 in 50 % HF solution. The current density then was 100 mA/cm 2 . The porous structure formation rate then was 
8.4 um/min., and the P-type (100) Si substrate of a thickness of 200 u, was rendered porous in its entirety for 
24 minutes. According to the present anodrzation as has been described above, only the P-type (100) Si sub- 
strate was rendered porous, but no change was observed in the N-type Si layer. 

Subsequently, an oxidized layer of 1000 angstroms was formed on the surface of the N-type Si layer, and 

25 another Si substrate on the surface of which was formed an oxidized layer of 5000 angstroms was bonded to 
the oxidized surface. By heating in oxygen atmosphere at 800 °C for 0.5 hour, both of the Si substrates were 
strongly bonded together. 

Then, the bonded substrates were selectively etched with 49 % hydrofluoric acid with stirring. In 78 minutes, 
only the single-crystal Si layer remained without etching, while the porous Si substrate was selectively etched 
so with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

50 angstroms or less even 78 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 

35 strate, rendered porous, of a thickness of 200 \x was removed, and a single-crystal Si layer of a thickness of 
1.0 nm was formed on Si0 2 . 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

40 Example 72 

A P-type (100) single-crystal Si substrate of a thickness of 200 n was anodized in 50 % HF solution. The 
current density then was 100 mA/cm 2 . The porous structure formation rate then was about 8.4 um/min., and 
the P-type (100) Si substrate of a thickness of 200 \i was rendered porous in its entirety for 24 minutes. 

45 According to MBE (monocular beam epitaxy) method, an Si epitaxial layer was grown at a lower tempera- 

ture on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
pressure: 1x10- 9 Torr 
growth rate: 0.1 nm/sec. 

so Subsequently, a substrate of fused silica glass processed with optical polishing was bonded onto the the 

surface of the epitaxial layer, and both of the substrates were strongly bonded together by heating at 800 °C 
for 0.5 hour in oxygen atmosphere. 

According to plasma CVD method, SI 3 N 4 was deposited t 0.1 nm, th r by coating the bonded two subs- 
trates. Ther after, only the nitride membrane on th por us substrate was r mov d by reactive ion etching. 

55 Then.th bonded substrates w resel ctively etching with a mixed solution of 49% hydrofluoric acid and alcohol 
(10:1), without stirring. In 82 minutes, only the single-crystal Si layer remained without etching, whfl th porous 

51 substrate was selectiv ly etch d with th single-crystal Si as a mat rial for etching stopper, and compl t ly 
re mov d. 
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Th etching rat of th non-porous Si single-crystal with the tching solution was extremely low, such as 
50 angstroms or less ven 82 minutes later, so that the selecoV ratio of th etching rate of th porous layer 
to that of the non-porous Si single-crystal was as large as 10* or more. Th etch d amount in the non-porous 
lay r (s v ral tens angstroms) is a practically negligible decrease in m mbran thickness. That is, the Si sub- 
6 strate of a thickness of 200 p., rend red porous, was removed, and after th removal of the Sfer^ lay r, a sing- 
le-crystal Si layer of a thickness of 0.5 um was formed on the substrate of the glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallintty was maintained. 

10 Examples 73 to 86 

The same procedure as in Examples 42 to 55 was effected, replacing the etching solution used In Examples 
42 to 55 with that In Example 72. In any of the present Examples, consequently, a single-crystal SI layer was 
formed with extremely less crystal defect on insulating materials. 

15 

Example 87 

A N-type Si layer of 1 p was formed on the surface of a P-type (100) Si substrate of a thickness of 200 p, 
by ion implantation of proton. The implanted amount of H* was 5 x 1 0 15 ions/cm 2 . 
20 The substrate was anodized in 50 % HF solution. The current density then was 100 mA/cm 2 . The porous 

structure formation rate then was 8.4pm/min., and the P-type (100) Si substrate of a thickness of 200 u. was 
rendered porous in its entirety for 24 minutes. According to the present anodization as has been described 
above, only the P-type (100) Si substrate was rendered porous, but no change was observed in the N-type Si 
layer. 

25 Subsequentiy, a second Si substrate on the surface of which was formed an oxidized layer of 5000 ang- 

stroms, was bonded to the surface of the N-type Si layer. By heating in oxygen atmosphere at 800 °C for 0.5 
hour, both of the Si substrates were strongly bonded together. 

Then, the bonded substrates were selectively etched with a mixed solution of 49 % hydrofluoric acid and 
alcohol (10:1) without stirring, in 82 minutes, only the single-crystal Si layer remained without etching, while 

30 the porous Si substrate was selectively etched with the single-crystal Si as a material for etching stopper and 
then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 82 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
35 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 p, rendered porous, was removed, and a single-crystal Si layer of a thickness of 
1.0 um was formed on the Si0 2 layer. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinrty was maintained. 

40 

Examples 88 to 102 

The same procedure as in Examples 57 to 71 was effected, replacing the etching solution in Examples 57 
to 71 with that in Example 72. In any of the present Examples, consequently, a single-crystal Si layer was formed 
45 with extremely less crystal defect on insulating materials. 

Example 103 

A P-type (100) single-crystal Si substrate of a thickness of 200 p was anodized in 50 % HF solution. The 
so current density then was 100 mA/cm 2 . The porous structure formation rate then was about 8.4 um/min., and 
the P-type (100) Si substrate of a thickness of 200 p was rendered porous in its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 p was grown at a lower 
temperature on the P-type (100) porous Si substrate. Th conditions for d position are as foil ws; 
temperature: 700 °C 
55 pr ssure: 1x10~ 9 TorT 
growth rat : 0.1 nm/s c. 

Subsequently, a substrate of fus d silica glass processed with optical p lishing was bonded onto the sur- 
face of the epitaxial layer, and both of th substrates were strongly bond d togeth r by heating at 800 °C for 
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0.5 hour in oxyg n atmosphere. 

According to plasma CVD method, was deposited at 0.1 jim, thereby coating th b nd d two subs- 
trates. Th reafter, only th nitride membrane n the porous substrate was removed by reactive ton tching. 
Then, the bonded substrates were s lectively tch d with a mixed solution of 49 % hydrofluoric acid and 
6 aqueous hydrog n peroxide solution (1:5), whil under stirring. In 62 minutes, only the single-crystal Si layer 
remained without etching, whie the porous Si substrate was selectively etched with the single-crystal Si as a 
material for etching stopper and completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 62 minutes later, so that the selective ratio of the etching rate of the porous layer 
10 to that of the non-porous SI single-crystal was as large as 10* or more. The etched amount in the non-porous 
layer (several tens angstroms) Is a practically negligible decrease in membrane thickness. That is, the SI sub- 
strate of a thickness of 200 ji, rendered porous, was removed, and after the removal of the SI3N4 layer, a sing- 
le-crystal Si layer of a thickness of 0.5 jam was formed on the substrate of the glass. 

As a result of observation of the section under a transmission-type electron microscope, It was confirmed 
15 that no new crystal defect was introduced in the Si layer and that excellent crystallinfty was maintained. 

Examples 104 to 118 

The same procedure as in Examples 42 to 56 was effected, replacing the etching solution in Examples 42 
20 to 56 with that in Example 103. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 

Example 119 

25 A P-type (100) single-crystal Si substrate of a thickness of 200 \x was anodtzed in 50 % HF solution. The 

current density then was 100 mA/cm 2 . The porous structure formation rate then was about 8.4 um/min., and 
the P-type (1 00) Si substrate of a thickness of 200 n was rendered porous in its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 n was grown at a lower 
temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
30 temperature: 700 °C 

pressure: 1 x 10 9 Torr 

growth rate: 0.1 nm/sec. 

Subsequently, the surface of the epitaxial layer was thermally oxidized in a depth of 50 nm. A substrate of 
fused silica glass processed with optical polishing was bonded onto the thermally oxidized membrane, and both 
35 of the substrates were strongly bonded together by heating at 800 °C for 0.5 hour in oxygen atmosphere. 

According to low pressure CVD method, Si 3 N 4 was deposited to 0,1 um thereby coating the bonded two 
substrates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were selectively etched with a mixed solution of 49 % hydrofluoric acid and 
aqueous hydrogen peroxide solution (1:5). In 62 minutes, only the single-crystal Si layer remained without etch- 
40 ing, while the porous Si substrate was selectively etched with the single-crystal Si as a material for etching stop- 
per and completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 62 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 5 or more. The etched amount in the non-porous 
46 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 n, rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
le-crystal Si layer of a thickness of 0.5 fim was formed on the substrate of the silica glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallfntty was maintained. 

50 

Examples 120 to 133 

Th sam procedure as in Examples 58 to 71 was effected, replacing th etchings I ution in Examples 58 
to 71 with that in Exampl 103. In any of the pres nt Exampi s, cons quently, a single-crystal SI lay r was 
55 formed with xtremely less crystal d f ct on insulating materials. 
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Example 134 

A P-type (100) single-crystal Si substrate of a thickness of 200 u was anodized in 50 % HF solution. The 
current d nsityth n was 1 00 mA/cm 2 . The porous structur formation rate th n was 8.4 uin/min., and th P-type 

5 (1 00) Si substrat of a thickn ss of 200 u was rend red porous in its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 u> was grown at a lower 
temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
pressure: 1 x lO^ 9 Torr 

w growth rate: 0.1 nm/sec. 

Subsequently, a substrate of fused sDica glass processed with optical polishing was bonded onto the sur- 
face of the epitaxial layer, and both of the substrates were strongly bonded together by heating at 800 °C for 
0.5 hour in oxygen atmosphere. 

According to plasma CVD method, S^N* was deposited to 0.1 urn, thereby coating the bonded two subs- 

15 trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 
Then, the bonded substrates were selectively etched with a mixed solution of 49 % hydrofluoric acid, alcohol 
and aqueous hydrogen peroxide solution (10:6:50), without stirring. In 65 minutes, only the single-crystal SI 
layer remained without etching, while the porous Si substrate was selectively etched with the single-crystal Si 
as a material for etching stopper and completely removed. 

20 The etching rate of the non-porous Si single crystal with the etching solution was extremely low, such as 

approximately slightly less than 40 angstroms even 65 minutes later, so that the selective ratio of the etching 
rate of the porous layer to that of the non-porous Si single-crystal was as large as 10* or more. The etched 
amount in the non-porous layer (several tens angstroms) is a practically negligible decrease in membrane thick- 
ness. That is, the Si substrate of a thickness of 200 u,, rendered porous, was removed, and after the removal 

25 of the Si 3 N 4 layer, a single-crystal Si layer of a thickness of 0.5 urn was formed on the substrate of the silica 
glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

30 Examples 135 to 148 

The same procedure as in Examples 42 to 55 was effected, replacing the etching solution in Examples 42 
to 55 with that in Example 134. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 

35 

Example 149 

A N-type Si layer of 1 u. was formed on the surface of a P-type (100) Si substrate of a thickness of 200 u, 
by ion implantation of proton. The implanted amount of KT was 5 x 10 16 ions/cm 2 . 
40 The substrate was anodized in 50 % HF solution. The current density then was 100 mA/cm 2 . The porous 

structure formation rate then was 8.4 urn/min., and the P-type (100) Si substrate of a thickness of 200 u was 
rendered porous in its entirety for 24 minutes. According to the present anodization as has been described 
above, only the P-type (100) Si substrate was rendered porous, but no change was observed in the N-type Si 
layer. 

46 Subsequently, a second Si substrate on the surface of which was formed an oxidized layer of 5000 ang- 

stroms was bonded to the surface of the N-type Si layer. By heating in oxygen atmosphere at 800 °C for 0.5 
hour, both of the substrates were strongly bonded together. 

Then, the bonded substrates were selectively etched with a mixed solution of 49 % hydrofluoric acid, 
alcohol and aqueous 30 % hydrogen peroxide solution (10:6:50) without stirring. In 65 minutes, only the sing- 
so le-crystal SI layer remained without etching, while the porous SI substrate was selectively etched with the sing- 
le-crystal Si as a material for etching stopper, and then completely removed. 

The etching rate of the non-porous SI single-crystal with the etching solution was extremely low, such as 
50 angstroms or less ven 65 minut s lat r, s that th s lective ratio of the etching rate f the porous layer 
to that of the non-p rous Si single-crystal was as large as 10 5 or more. Th etched amount in th non-porous 
55 layer (several t ns angstroms) is a practically negligible d creas in membrane thickness. That is, th SI sub- 
strate of a thickn ss of 200 u, rendered por us, was removed, and a single-crystal Si layer of a thickness of 
1.0 urn was formed on the Si0 2 layer. 

As a result of observation of the section under a transmission-type I ctron microscope, it was confirmed 
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that n new crystal defect was introduced in the Si layer and that excellent crystallinity was maintain d. 
Examples 150 to 164 

5 Th earn procedure as in Examples 57 to 71 was effected, replacing th etching solution in Examples 57 

to 71 with that in Example 134. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 

Example 165 

10 

A P-type (100) single-crystal SI substrate of a thickness of 200 \i was anodlzed in 50 % HF solution. The 
current density then was 1 00 mA/cm 2 . The porous structure formation rate then was 8.4 jim/min ., and the P-type 
(100) SI substrate of a thickness of 200 \i was rendered porous in Its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an SI epitaxial layer of 0.5 \x was grown at a lower 
15 temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
pressure: 1 x lO^Torr 

growth rate: 0.1 nm/sec. 

Subsequently, a substrate of fused silica glass processed with optical polishing was bonded onto the sur- 
20 face of the epitaxial layer, and both of the substrates were strongly bonded together by heating at 800 °C for 
0.5 hour in oxygen atmosphere. 

According to piasma CVD method, SfeN* was deposited to 0.1 \xm, thereby coating the bonded two subs- 
trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 
Then, the bonded substrates were selectively etched, under stirring, with buffered hydrofluoric acid. In 258 
25 minutes, only the single-crystal Si layer remained without etching, while the porous Si substrate was selectively 
etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
100 angstroms or less even 258 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
30 layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 \x 9 rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
le-crystal Si layer of a thickness of 0.5 \m was formed on the substrate of the glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

35 

Examples 166 to 180 

The same procedure as in Examples 42 to 56 was effected, replacing the etching solution in Examples 42 
to 56 with that in Example 165. In any of the present Examples, consequently, a single-crystal Si layer was 
40 formed with extremely less crystal defect on insulating materials. 

Example 181 

A P-type (100) single-crystal Si substrate of a thickness of 200 \i was anodized in 50 % HF solution. The 
45 current density then was 100 mA/cm 2 . The porous structure formation rate then was about 8.4 pm/min., and 
the P-type (100) Si substrate of a thickness of 200 \x was rendered porous in its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 \x was grown at a lower 
temperature on the P-type (100) porous SI substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
50 pressure: 1x10-»Torr 
growth rate: 0.1 nm/sec. 

Subsequently, the surface of the epitaxial layer was thermally oxidized in a depth of 50 nm. A substrate of 
fused silica glass processed with optical polishing was bond d onto the th rmally oxidized m mbrane, and both 
of th substrat s wer strongly bonded togeth r by heating at 800 °Cf r 0.5 hour in oxygen atmosphere. 
55 According to low pressur CVD meth d, Si 3 N 4 was dep sited to 0.1 \xm, thereby coating the bonded two 

substrates. Th reafter, only th nitrid m mbrane on the porous substrat wasr mov dbyreactiv ion etching. 

Th n, the bond d substrates were immersed in buffered hydrofluoric acid, and stirred. In 258 minutes, only 
the single-crystal Si layer remained without tching, while the porous Si substrates was sel ctively etched with 
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the single-crystal Si as a mat rial for tching stopper and then completely removed. 

The etching rate of the non-porous St ingle-crystal with the etching solution was extr mely low, such as 
100 angstroms or ies ven 258 minutes later, so that the selective ratio of th etching rate of th porous layer 
to that of the non-porous Si single-crystal was as large as 10 5 r more. The tched amount in th non-porous 
s layer (sev ral tens angstroms) I a practically negligible decrease in membran thickn ss. That is, th Si sub- 
strate of a thickness of 200 u, rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
le-crystal Si layer of a thickness of 0.5 urn on the substrate of the silica glass was formed. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced In the Si layer and that excellent crystallinfty was maintained. 

10 

Examples 182 to 195 

The same procedure as In Examples 58 to 71 was effected, replacing the etching solution In Examples 58 
to 71 with that In Example 165. In any of the present Examples, consequently, a single-crystal SI layer was 
15 formed with extremely less crystal defect on insulating materials. 

Example 196 

A P-type (100) single-crystal Si substrate of a thickness of 200 u was anodized in 50 % HF solution. The 
20 current density then was 1 00 mA/cm 2 . The porous structure formation rate then was 8.4 unvmin., and the P-type 
(100) Si substrate of a thickness of 200 u was rendered porous in its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 \x was grown at a lower 
temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
25 pressure: 1 x lO^Torr 

growth rate: 0.1 nm/sec. 

Subsequently, a substrate of fused silica glass processed with optical polishing was bonded onto the sur- 
face of the epitaxial layer, and both of the substrates were strongly bonded together by heating at 800 °C for 
0.5 hour in oxygen atmosphere. 
30 According to plasma CVD method, SfeNU was deposited to 0.1 um, thereby coating the bonded two subs- 
trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 
Then, the bonded substrates were selectively etched in a mixed solution of buffered hydrofluoric acid and 
alcohol (10:1) without stirring. In 275 minutes, only the single-crystal Si layer remained without etching, while 
the porous Si substrate was selectively etched with the single-crystal Si as a material for etching stopper and 
35 completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
1 00 angstroms or less even 275 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 s or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
40 strate of a thickness of 200 p., rendered porous, was removed, and after the removal of the Si3lM 4 layer, a sing- 
le-crystal Si layer of a thickness of 0.5 um was formed on the substrate of the glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

45 Examples 197 to 210 

The same procedure as in Examples 42 to 55 was effected, replacing the etching solution in Examples 42 
to 55 with that in Example 196. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 

50 

Example 211 

A N-type Si layer of thickness of 1 u was formed on the surface of a P-type Si layer of 200 \x in thickness, 
by ion implantation of proton, The implant d amount of H + was 5 x 10 15 I ns/cm 2 . 
55 Thesubstrat was anodized in 50 % HF solution. Th current density then was 100 mA/cm 2 . The porous 

structure formation rate then was 8.4 um/min., and the N-type (100) Si substrat of a thickn ss of 200 was 
rend r dp rous in its entirety for 24 minutes. According to the pr s nt an dizati n as has b n d scribed 
above, nlyth P-typ (100) Si substrat was rendered porous, but no chang was observ d in th N-type Si 
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layer. 

Subs quently, a second Si substrat on th surface of which was formed an xidized layer of 5000 ang- 
stroms was bond d to the surface of the N-type Si layer. By heating in oxyg n atmosph re at 800 °C for 0.5 
hour, both of th substrates were strongly bonded together. 

6 Th n, th b nded substrates were 8 lectively etched with a mixed solution of buffered hydrofluoric ackJ 

(HF:4.46 %, NH 4 F:36.2 %) and ethyl alcohol (10:1), without stirring. In 275 minutes, only the single-crystal Si 
layer remained without etching, while the porous Si substrate was selectively etched with the single-crystal Si 
as a materia] for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

10 approximately slightly less than 40 angstroms even 275 minutes later, so that the selective ratio of the etching 
rate of the porous layer to that of the non-porous SI single-crystal was as large as 10 s or more. The etched 
amount In the non-porous layer (several tens angstroms) is a practically negligible decrease in membrane thick- 
ness. That is, the Si substrate of a thickness of 200 n, rendered porous, was removed, and a single-crystal SI 
layer of a thickness of 1 .0 \im was formed on the Si0 2 layer. 

is As a result of observation of the section under a transmission-type electron microscope, it was confirmed 

that no new crystal defect was introduced in the Si layer and that excellent crystailinity was maintained. 

Examples 212 to 226 

20 The same procedure as in Examples 57 to 71 was effected, replacing the etching solution in Examples 57 

to 71 with that in Example 196. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 

Example 227 

25 

A P-type (100) single-crystal Si substrate of a thickness of 200 \x was anodized in 50% HF solution. The 
current density then was 1 00 mA/cm 2 . The porous structure formation rate then was 8.4 nm/min ., and the P-type 
(100) Si substrate of a thickness of 200 n was rendered porous in its entirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 n was grown at a lower 
30 temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
pressure: 1x10-° Ton- 

growth rate: 0.1 nm/sec. 

Subsequently, a substrate of fused silica glass processed with optical polishing was bonded onto the sur- 
35 face of the epitaxial layer, and both of the substrates were strongly bonded together by heating at 800 °C for 
0.5 hour in oxygen atmosphere. 

According to plasma CVD method, S13N4 was deposited to 0.1 pm, thereby coating the bonded two subs- 
trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 
Then, the bonded substrates were selectively etched in a mixed solution of buffered hydrofluoric acid and 
40 aqueous hydrogen peroxide solution (1:5) with stirring. In 190 minutes, only the single-crystal Si layer remained 
without etching, while the porous Si substrate was selectively etched with the single-crystal Si as a material 
for etching stopper, and completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
50 angstroms or less even 190 minutes later, so that the selective ratio of the etching rate of the porous layer 
45 to that of the non-porous Si single- crystal was as large as 1 0 5 or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 fi, rendered porous, was removed, and after the removal of the Si 3 N 4 layer, a sing- 
le-crystal Si layer of a thickness of 0.5 \im was formed on the substrate of the silica glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
so that no new crystal defect was Introduced in the Si layer and that excellent crystailinity was maintained. 

Examples 228 to 242 

The sam procedur as In Examples 42 to 56 was effected, replacing the tching solution In Examples 42 
55 t 56 with that in Exampl 227. In any of the present Examples, consequ ntly, a single-crystal Si lay r was 
f rm d with extremely less crystal def ct on insulating mat rials. 
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Example 243 

A P-type (100) single-crystal Si substrat of a thickness of 200 n was anodized in 50% HF solution. The 
current d nsity th n was 100 mA/cm 2 . The porous structure formation rat then wa about 8.4 nm/min. f and 
5 th P-type (100) Si substrat of a thickness of 200 n wa rendered porous in its ntirety for 24 minutes. 

According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 \i was grown at a lower 
temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
pressure: 1x10-* Torr 

10 growth rate: 0.1 nm/sec. 

subsequently, the surface of the epitaxial layer was thermally oxidized In a depth of 50 nm. A substrate of 
fused silica glass processed with optical polishing was bonded onto the thermally oxidized membrane, and both 
of the substrates were strongly bonded together by heating at 800 °C for 0.5 hour in oxygen atmosphere. 

According to low pressure CVD method, Si 3 N 4 was deposited to 0.1 |im, thereby coating the bonded two 
15 substrates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

Then, the bonded substrates were immersed in a mixed solution of buffered hydrofluoric acid and aqueous 
hydrogen peroxide solution (1:5), and stirred. In 190 minutes, only the single-crystal Si layer remained without 
etching, while the porous Si substrate was selectively etched with the single-crystal Si as a material for etching 
stopper and then completely removed. 
20 The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 

70 angstroms or less even 190 minutes later, so that the selective ratio of the etching rate of the porous layer 
to that of the non-porous Si single-crystal was as large as 10 6 or more. The etched amount in the non-porous 
layer (several tens angstroms) is a practically negligible decrease in membrane thickness. That is, the Si sub- 
strate of a thickness of 200 n, rendered porous, was removed, and after the removal of the S*3N 4 layer, a sing- 
25 le-crystal Si layer of a thickness of 0.5 nm was formed on the substrate of the silica glass. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
that no new crystal defect was introduced in the Si layer and that excellent crystallinrty was maintained. 

Examples 244 to 257 

30 

The same procedure as in Examples 58 to 71 was effected, replacing the etching solution in Examples 58 
to 71 with that in Example 243. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 

35 Example 258 

A P-type (100) single-crystal Si substrate of a thickness of 200 n was anodized in 50 % HF solution. The 
current density then was 1 00 mA/cm 2 . The porous structure formation rate then was 8.4 nm/min., and the P-type 
(100) Si substrate of a thickness of 200 ji was rendered porous in its entirety for 24 minutes. 

40 According to MBE (molecular beam epitaxy) method, an Si epitaxial layer of 0.5 \i was grown at a lower 
temperature on the P-type (100) porous Si substrate. The conditions for deposition are as follows; 
temperature: 700 °C 
pressure: 1 x 10-° Ton- 

growth rate: 0.1 nm/sec. 

46 Subsequently, a substrate of fused silica glass processed with optical polishing was bonded onto the sur- 

face of the epitaxial layer, and both of the substrates were strongly bonded together by heating at 800 °C for 
0.5 hour in oxygen atmosphere. 

According to plasma CVD method, SI 3 N 4 was deposited to 0.1 jim, thereby coating the bonded two subs- 
trates. Thereafter, only the nitride membrane on the porous substrate was removed by reactive ion etching. 

so Then, the bonded substrates were selectively etched In a mixed solution of buffered hydrofluoric acid, alcohol 
and aqueous hydrogen peroxide solution (10:6:50) without stirring. In 205 minutes, only the single-crystal SI 
layer remained without etching, while the porous SI substrate was selectively etched with the single-crystal SI 
as a material for etching stopper and then completely rem ved. 

The etching rate of the non-p rous SI single-crystal with th tching solution was extremely I w, such as 

55 approximately slightly I ss than 40 angstroms even 205 minut slat r, so that the selective rati of the etching 
rat fth porous layer t that of th non-porous Si single-crystal was as larg as 10 s or mor . Th etched 
amount in the non-porous layer (s veral tens angstroms) is a practically negligible decrease in membrane thick- 
ness. That is, th Si substrate of a thickn ss of 200 u. rendered porous, was removed, and after th removal 
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ofth Sia^ layer, a single-crystal Si layer of a thickness f 0.5 um was formed on th substrat of the silica 
glass. 

As a result of observation of th section under a transmission-type lectron microscope, it was confirmed 
that n new crystal d feet was introduced in the Si layer and that xcellent crystaJlinrty was maintained. 

5 

Examples 259 to 272 

The same procedure as in Examples 42 to 55 was effected, replacing the etching solution in Examples 42 
to 55 with that in Example 258. In any of the present Examples, consequently, a single-crystal Si layer was 
10 fonmed with extremely less crystal defect on insulating materials. 

Example 273 

A N-type SI layer of thickness of 1 n was formed on the surface of a P-type (1 00) SI substrate of thickness 
is of 200 ji, by ion implantation of proton. The implanted amount of KT was 5 x 1 0 15 ions/cm 2 . 

The substrate was anodized in 50 % HF solution. The current density then was 100 mA/cm 2 . The porous 
structure formation rate then was 8.4 urn/tain., and the P-type (100) SI substrate of a thickness of 200 u was 
rendered porous in its entirety for 24 minutes. According to the present anodization as has been described 
above, only the P-type (100) Si substrate was rendered porous, but no change was observed in the N-type Si 
20 layer. 

Subsequently, a second Si substrate on the surface of which was formed an oxidized layer of 5000 ang- 
stroms was bonded to the surface of the N-type Si layer. By heating in oxygen atmosphere at 800 °C for 0.5 
hour, both of the substrates were strongly bonded together. 

Then, the bonded substrates were selectively etched with a mixed solution of buffered hydrofluoric acid 
25 (HF:4.46 %, NH 4 F:36.2%) ( ethyl alcohol and 30% aqueous hydrogen peroxide solution (10:6:50), without stir- 
ring. In 180 minutes, only the single-crystal Si layer remained without etching, while the porous Si substrate 
was selectively etched with the single-crystal Si as a material for etching stopper and then completely removed. 

The etching rate of the non-porous Si single-crystal with the etching solution was extremely low, such as 
approximately slightly less than 40 angstroms even 180 minutes later, so that the selective ratio of the etching 
30 rate of the porous layer to that of the non-porous Si single-crystal was as large as 10 5 or more. The etched 
amount in the non-porous layer (several tens angstroms) is a practically negligible decrease in membrane thick- 
ness. That is, the Si substrate of a thickness of 200 u, rendered porous, was removed, and a single-crystal Si 
layer of a thickness of 1.0 um was formed on the Si0 2 layer. 

As a result of observation of the section under a transmission-type electron microscope, it was confirmed 
35 that no new crystal defect was introduced in the Si layer and that excellent crystallinity was maintained. 

Examples 274 to 288 

The same procedure as in Examples 57 to 71 was effected, replacing the etching solution in Examples 57 
40 to 71 with that in Example 273. In any of the present Examples, consequently, a single-crystal Si layer was 
formed with extremely less crystal defect on insulating materials. 



Claims 

45 

1. A chemical etching solution for porous Si comprising hydrofluoric acid as etchant 

2. A chemical etching solution for porous Si comprising a mixture of hydrofluoric acid and an alcohol as 
etchant 

50 

3. A chemical etching solution for porous Si comprising a mixture of hydrofluoric acid and hydrogen peroxide 
as etchant 

4. A chemical etching s lution for porous Si comprising a mixtur f hydr flu ric acid, an alcohol and hyd- 
rogen peroxide as tchant. 

55 

5. A ch mica! etching s lution for porous Si comprising buff red hydrofluoric acid as tchant 
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6. A ch mica) tching solution for porous Si comprising a mixture of buffered hydrofluoric acid and an alcohol 
as etchant 

7. A chemical tching solution for porous Si comprising a mixture of buffered hydrofluoric acid and hydrogen 
peroxide as tchant 

a A chemical etching solution for porous Si comprising a mixture of buffered hydrofluoric acid, an alcohol 
and hydrogen peroxide as etchant 

9. A chemical etching method for porous Si, which comprises using hydrofluoric acid as etchant 

10. A chemical etching method for porous Si, which comprises using a mixture of hydrofluoric acid and an 
alcohol as etchant 

11. A chemical etching method for porous Si, which comprises using a mixture of hydrofluoric acid and hyd- 
rogen peroxide as etchant 

12. A chemical etching method for porous Si, which comprises using a mixture of hydrofluoric acid, an alcohol 
and hydrogen peroxide as etchant 

13. A chemical etching method for porous Si, which comprises using buffered hydrofluoric acid as etchant 

14. A chemical etching method for porous Si, which comprises using a mixture of buffered hydrofluoric acid 
and an alcohol as etchant 

15. A chemical etching method for porous SI, which comprises using a mixture of buffered hydrofluoric acid 
and hydrogen peroxide as etchant 

16. A chemical etching method for porous Si, which comprises using a mixture of buffered hydrofluoric acid, 
an alcohol and hydrogen peroxide as etchant 

17. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystaliine layer and a porous silicon layer 
bonding another substrate having a surface made of an insulating material to the surface of said 
monocrystaliine layer; and 

etching to remove said porous silicon layer by immersing in hydrofluoric acid. 

18. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystaliine layer and a porous silicon layer; 

bonding another substrate having a surface made of an insulating material to the surface of said 
monocrystaliine layer; and 

etching to remove said porous silicon layer by immersing in a mixture of hydrofluoric acid and an 
alcohol. 

19. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystaliine layer and a porous silicon layer; 
bonding another substrate having a surface of an insulating material to the surface of said mono- 
crystalline layer; and 

etching to remove said porous silicon layer by immersing in a mixture of hydrofluoric acid and hyd- 
rogen peroxide. 

20. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystaliine layer and a porous silicon layer, 
bonding another substrate having a surface made of an insulating material to the surface of said 

monocrystaliine layer, and 

tching to remove said porous silicon lay r by immersing in a mixture of hydrofluoric acid, an alcohol 

and hydrogen peroxid . 

21. Am thod for preparing a semic nduct rm mber, which c mpris s: 

forming a substrate having a non-p r us silicon m nocrystalline lay r and a porous silicon layer; 
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bonding another substrate having a surface mad of an insulating material to th surface of said 
monocrystalline layer; and 

tching to remov said porous silicon layer by immersing in buffered hydrofluoric acid. 

22. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystalline layer and a porous silicon layer 
bonding another substrate having a surface made of an insulating material to the surface of said 

monocrystalline layer and 

etching to remove said porous silicon layer by immersing in a mixture of buffered hydrofluoric acid 

and an alcohol. 

23. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystalline layer and a porous silicon layer 
bonding another substrate having a surface made of an insulating material to the surface of said 

monocrystalline layer, and 

etching to remove said porous silicon layer by immersing in a mixture of buffered hydrofluoric acid 

and hydrogen peroxide. 

24. A method for preparing a semiconductor member, which comprises: 

forming a substrate having a non-porous silicon monocrystalline layer and a porous silicon layer 
bonding another substrate having a surface made of an insulating material to the surface of said 

monocrystalline layer and 

etching to remove said porous silicon layer by immersing in a mixture of buffered hydrofluoric acid t 

an alcohol and hydrogen peroxide. 

25. A method for preparing a semiconductor member which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmissive glass substrate to the surface of said non-porous silicon monocrystal- 
line layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in hydrofluoric acid. 

26. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on the silicon substrate made porous; 

bonding another silicon substrate having an insulating layer on the surface thereof to the surface 
of said non-porous silicon monocrystalline layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in hydrofluoric acid. 

27. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
forming an oxide layer on the surface of said non-porous silicon monocrystalline layer 
bonding a light-transmissive substrate to the surface of said oxide layer and 
chemically etching to remove said silicon substrate made porous by immersing in hydrofluoric acid 

after coating the surfaces other than the surface of said silicon substrate made porous with a protecting 

material. 

28. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
forming an oxide layer on the surface of said non-porous silicon monocrystalline layer 
bonding another silicon substrate having an insulating material on the surface th reof to th surface 
of said oxid layer on said non-porous silicon monocrystalline layer; and . . 

chemically etching to remove said silicon substrate made porous by immersing in hydrofluoric acid. 

29. A method for preparing a semic nductor member, which comprises the steps f: 
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making a silicon substrat porous; 

forming a non-porous silicon monocrystallin layer on said silicon substrate made porous; 
bonding a light-transmtssiv glass substrate to the surface of said non-porous silicon monocrystal- 
lin lay r; and 

s lectively toning p rous silicon by ch mically tching to remove porous silk; n by immersing said 
sDicon substrate made porous in a mixture of hydrofluoric acid and an alcohol. 

30. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystallin© layer on the sSicon substrate made porous; 

bonding another silicon substrate having an insulating layer on the surface thereof to the surface 
of said non-porous silicon monocrystalline layer; and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of hydrofluoric acid and an alcohol. 

31. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous silicon monocrystalline layer; 

bonding a light-transmissive substrate to the surface of said oxide layer and 

chemically etching to remove said silicon substrate made porous by immersing in a mixture of hyd- 
rofluoric acid and an alcohol after coating the surfaces other than the surface of said silicon substrate made 
porous with a protecting material. 

32. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous silicon monocrystalline layer; 

bonding another silicon substrate having an insulating material on the surface thereof to the surface 
of said oxide layer on said non-porous silicon monocrystalline layer; and 

chemically etching to remove said silicon substrate made porous by Immersing In a mixture of hyd- 
rofluoric acid and an alcohol. 

33. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmissive glass substrate to the surface of said non-porous silicon monocrystal- 
line layer; and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of hydrofluoric acid and hydrogen peroxide. 

34. A method for preparing a semiconductor member, which comprises the steps of. 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on the sflicon substrate made porous; 

bonding another silicon substrate having an insulating layer on the surface thereof to the surface 
of said non-porous silicon monocrystalline layer; and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of hydrofluoric acid and hydrogen peroxide. 

35. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous silicon monocrystalline layer; 

bonding a light-transmissive substrate to the surface of said oxide layer; and 

chemically etching to remove said silicon substrate mad porous by immersing in a mixture com- 
prising of hydrofluoric acid and hydrog n per xide after coating the surfaces oth rthanth surfac of said 
silicon substrat made porous with a protecting material. 

36. Ameth d for preparing a semiconductor m mb r, which compris sth st psof: 
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making a silicon substrate porous; 

forming a non-porous silicon monocrystallin lay r nsaid ilicon substrate made porous; 

forming an oxide layer n the surface of said non-porous sflicon monocrystalline layer; 

b nding another sflicon substrate having an insulating material on th surface thereof t the surface 
of said xide lay r on said n n-porous silicon monocrystalline layer and 

chemically etching to remove said sflicon substrate made porous by immersing in a mixture of hyd- 
rofluoric acid and hydrogen peroxide. 

37. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmtssive glass substrate to the surface of said non-porous silicon monocrystal- 
line layer; and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of hydrofluoric acid, an alcohol and hydrogen peroxide. 

38. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on the silicon substrate made porous; 

bonding another silicon substrate having an insulating layer on the surface thereof to the surface 
of said non-porous silicon monocrystalline layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of hydrofluoric acid, an alcohol and hydrogen peroxide. 

39. A method for preparing a semiconductor member, which comprises the steps of. 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous silicon monocrystalline layer; 

bonding a light-transmissrve substrate to the surface of said oxide layer and 

chemically etching to remove said sflicon substrate made porous by immersing in a mixture of hyd- 
rofluoric acid, an alcohol and hydrogen peroxide after coating the surfaces other than the surface of said 
silicon substrate made porous with a protecting material. 

40. A method for preparing a semiconductor member, which comprises the steps of. 
making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
forming an oxide layer on the surface of said non-porous silicon monocrystalline layer; 
bonding another sflicon substrate having an insulating material on the surface thereof to the surface 
of said oxide layer on said non-porous silicon monocrystalline layer; and 

chemically etching to remove said silicon substrate made porous by immersing in a mixture of hyd- 
rofluoric acid, an alcohol and hydrogen peroxide. 

41. A method for preparing a semiconductor member, which comprises the steps of. 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmissive glass substrate to the surface of said non-porous silicon monocrystal- 
line layer; and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in buffered hydrofluoric acid. 

42. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on the silicon substrate made porous; 
bonding another silicon substrat having an insulating layer on the surface th reof to th surface 
f said non-porous silicon monocrystalline lay n and 

selectively etching porous silicon by chemically etching to remove porous siltc n by immersing said 
silicon substrate mad p rous in buffered hydr flu ric acid. 

43. A method for pr paring a semic nductor member, which compris s the steps of: 
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making a sflicon substrate porous; 

forming a non-porous silicon monocrystailin layer n said silicon substrate mad porous; 
forming an oxide layer on the surface of said non-porous sflicon monocrystalline layer 
bonding a light-transmissive substrate to the surfac of said oxide lay r and 
chemically tching to remov said slicon sub trat made porous by immersing in buffered hydrof- 
luoric acid after coating the surfaces other than the surface of said silicon substrate made porous with a 
protecting material. 

44. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous sflicon monocrystalline layer 

bonding another silicon substrate having an insulating material on the surface thereof to the surface 
of said oxide layer on said non-porous silicon monocrystalline layer; and 

chemically etching to remove said sflicon substrate made porous by immersing in buffered hydrof- 
luoric acid. 

45. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmissive glass substrate to the surface of said non-porous silicon monocrystal- 
line layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of buffered hydrofluoric acid and an alcohol. 

46. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on the sflicon substrate made porous; 

bonding another silicon substrate having an Insulating layer on the surface thereof to the surface 
of said non-porous silicon monocrystalline layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by Immersing said 
sflicon substrate made porous in a mixture of buffered hydrofluoric acid and an alcohol. 

47. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
forming an oxide layer on the surface of said non-porous silicon monocrystalline layer 
bonding a light-transmissive substrate to the surface of said oxide layer and 
chemically etching to remove said sflicon substrate made porous by immersing in a mixture of buf- 
fered hydrofluoric acid and an alcohol after coating the surfaces other than the surface of said silicon sub- 
strate made porous with a protecting material. 

48. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous silicon monocrystalline layer 

bonding another sflicon substrate having an insulating material on the surface thereof to the surface 
of said oxide layer on said non-porous silicon monocrystalline layer and 

chemically etching to remove said sflicon substrate made porous by immersing in a mixture of buf- 
fered hydrofluoric acid and an alcohol. 

49. A method for preparing a semiconductor member, which comprises the steps of: 

making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmissive glass substrat to the surface of said non-porous silicon monocrystal- 
line layer and 

s I ctively etching porous silicon by chemically etching to remov porous silicon by tmm rsingsaid 
silicon substrate made porous in a mixture of buff red hydrofluoric acid and hydrogen peroxide. 
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50. A m thod for preparing a semiconductor m mber, which comprises the steps of. 

making a silicon substrat porous; 

forming a non-porous silicon monocrystallin layer on th siicon substrate mad porous; 
b nding anoth r silicon substrate having an insulating lay r on th surface thereof to th surface 
6 of said n n-porous silicon monocrystallin lay n and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of buffered hydrofluoric acid and hydrogen peroxide. 

51. A method for preparing a semiconductor member, which comprises the steps of: 
10 making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
forming an oxide layer on the surface of said non-porous silicon monocrystalline layer; 
bonding a light-transmissive substrate to the surface of said oxide layer and 
chemically etching to remove said silicon substrate made porous by immersing in a mixture corrv 
T5 prising buffered hydrofluoric acid and hydrogen peroxide after coating the surfaces other than the surface 

of said silicon substrate made porous with a protecting material. 



52. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide layer on the surface of said non-porous silicon monocrystalline layer 

bonding another sflicon substrate having an insulating material on the surface thereof to the surface 
of said oxide layer on said non-porous silicon monocrystalline layer and 

chemically etching to remove said silicon substrate made porous by immersing in a mixture of buf- 
fered hydrofluoric acid and hydrogen peroxide. 

53. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
bonding a light-transmissive glass substrate to the surface of said non-porous silicon monocrystal- 
line layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of buffered hydrofluoric acid, an alcohol and hydrogen peroxide. 



54. A method for preparing a semiconductor member, which comprises the steps of: 
35 making a silicon substrate porous; 

forming a non-porous silicon monocrystalline layer on the silicon substrate made porous; 
bonding another silicon substrate having an insulating layer on the surface thereof to the surface 
of said non-porous silicon monocrystalline layer and 

selectively etching porous silicon by chemically etching to remove porous silicon by immersing said 
silicon substrate made porous in a mixture of buffered hydrofluoric acid, an alcohol and hydrogen peroxide. 
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55. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 
4* forming an oxide layer on the surface of said non-porous sflicon monocrystalline layer 

bonding a light-transmissive substrate to the surface of said oxide layer and 
chemically etching to remove said silicon substrate made porous by immersing in a mixture of buf- 
fered hydrofluoric acid, an alcohol and hydrogen peroxide after coating the surfaces other than the surface 
of said silicon substrate made porous with a protecting material. 

50 

56. A method for preparing a semiconductor member, which comprises the steps of: 

making a sflicon substrate porous; 

forming a non-porous silicon monocrystalline layer on said silicon substrate made porous; 

forming an oxide lay r on the surface of said non-porous silicon monocrystallin layer; 
55 bonding another silicon substrate having an insulating mat rial on the surface ther f to the surface 

of said oxide lay r on said non-porous silicon monocrystalline layer and 

chemically etching to remove said silicon substrate made porous by immersing in a mixture com- 
prising buffered hydrofluoric acid, an alcohol and hydrogen peroxid . 
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FIG. 3A 
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FIG. UA 
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FIG. 5A 
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FIG. 6 A 
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FIG. 6C 
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FIG. 6E 
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FIG. 6G 
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FIG. 7 A 
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FIG. 7C 
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FIG. 7E 




0 20 40 60 80 100 120 
ETCHING TIME (min) 



300 



E 
=1 

w 200 



UJ 

o 

C9 



FIG. 7F 



™i r 



t r 




0 20 40 60 80 100 120 
ETCHING TIME (min) 



68 



EP 0499488 A2 



FIG. 76 

300 i — — i 1 , , — 



E 

w 200 - 




ETCHING TIME (min) 

FIG. 7H 



E 



Q_ 

UJ 

a 
o 




20 40 60 80 100 
ETCHING TIME (min) 



120 



EP 0 499 488 A2 



FIG. 8A 




FIG. 8B 



K 

\ O 



\ 



O 
O 



O « o ° 

o o o 0 
o o o o 



-s 



s 



12 
13 



FIG 8C 



70 



EP0 499488 A2 



FIG. 9A 
FIG. 9B 

FIG. 9C 
FIG. 90 



32 
31 




s 

s- 

s 



o o 
o o 



o ° o 



o 

o o 



s 

-s 



33 



\ 



32 
3^35 

34 




71 



EP0 499 488 A2 



FIG. 10A 




FIG. 10B 



o o ^ o o 

o o o o 

° o ° o o 

o o o ° o ° 

o 



11 

-12 
14 



13 



FIG. 10C 




72 



EP 0 499 488 A2 



FIG. 11A 

FIG. 11B 

FIG. 11C 

FIG. 110 




73 



EP0 499 488 A2 



FIG. 12A 



FIG. 12B 



00 o o o o 0 



o o o 



14 
12 

11 



000 o o 0 o 



o o o 



/ o 



o 0 o 0 o 0 

0 o o o o 
0 o o o o 



/ 
/ 
/ 
/ 



-15 

•11 

A2 



FIG. 12C 




74 



EP0 499 488 A2 



FIG. 13A 




FIG. 13B 



o o 



o o 



o o 



° o ° 



o o 



o ° o 
o 

o 



-11 

.12 
•13 



FIG. 13C 



Z 



.12 
-15 
-14 

13 



75 



EP 0 499 488 A2 



FIG. 1UA 




FIG. %B 




FIG. 1UC 



o o o o o o o 



o o o 



33 

32 
36 
35 

34 



FIG %D 



32 
36 
•35 

3U 



76 



J 



Europaksch s Patentamt 
European Patent Office 
Office uropeen des brevets 




(fj) Publication number: 0 499 488 A3 

EUROPEAN PATENT APPLICATION 



21) Application number: 92301252.0 
3) Date of fifing: 14.02^2 



© mt cl 8 : H01L 21/306, H01L 21/20, 
H01L 21/76 



(30) Priority: 15.02.91 
W 15.02.91 
28.02.91 
28.02.91 
28.02.91 
28.02.91 
28.0Z91 
28.02.91 
28.02.91 
28.02.91 
28.02^1 
28.02.91 
28.02.91 
28.02.91 
28.02.91 
28.02.91 
27.03.91 
24.05.91 
24.05.91 
24.05.91 
24.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
28.05.91 
29.05.91 
29.05.91 
27.05.91 
27.05.91 
27.05.91 
27.05.91 
27.05.91 
27.05.91 
28.05.91 
29.05.91 
29.05.91 
27.05.91 
27.05.91 
27.05.91 
27.05.91 
27.05.91 
27.05.91 



JP 42212/91 
JP 42213/91 
JP 55606/91 
JP 55605/91 
JP 55604/91 
JP 55603/91 
JP 55602/91 
JP 55601/01 
JP 55614m 
JP 55613/91 
JP 55612/91 
JP 55611/91 
JP 55610/91 
JP 55608/91 
JP 55607/91 
JP 55609/91 
JP 85755/91 
JP 148160/91 
JP 148161/91 
JP 148163/91 
JP 148164/91 
JP 150989/91 
JP 150980/91 
JP 150994/91 
JP 150990/91 
JP 150991/91 
JP 150992/91 
JP 150981/91 
JP 150982/91 
JP 150983/91 
JP 150984/91 
JP 150985/91 
JP 152249/91 
JP 152248/91 
JP 149302/91 
JP 149297/91 
JP 149298/91 
JP 149300/91 
JP 149299/91 
JP 149301/91 
JP 150993/91 
JP 152250/91 
JP 152251/91 
JP 149310/91 
JP 149306/91 
JP 149307/91 
JP 149308/91 
JP 149309/91 
JP 149311/91 



CO 
< 



© Date of publication of application : 
19.08.92 Bulletin 92/34 

(84) Designated Contracting States : 

^ AT BE CH DE DK E3 FR GB GR FT LI LU NL PT SE 

(88) Date of deferred publication of search report : 
w 01.03.95 Bulletin 95/09 



1) Applicant: CANON KABUSHUG KAISHA 
30-2, 3-chome, Shlmomaruko, 
Ohta-ku 
Tokyo (JP) 

© Inventor : Safcaguchl, Kryofumt, c/o Canon KabushiM 

30-2, 3-chome, Shlmomaruko 
Ohta-ku, Tokyo (JP) 

Inventor : Yonehara, Takao, c/o Canon KabushiM 
Kaisha 

30-2, 3-chome, Shlmomaruko 
Ohta-ku, Tokyo (JP) 

Inventor : Sato, Nobuhiko, c/o Canon Kabushikl 
Kaisha 

30-2, 3-chome, Shimomaruko 
Ohta-ku, Tokyo (JP) 

(j3) Representative : Beresford, Keith Denis Lewis et al 
BERESFORD & Co. 
2-5 Warwick Court 
High Holbom 
London WC1R 5DJ (GB) 



00 
00 



3 



Q. 
UJ 



(§) Etching solution for etching porous silicon, etching method using the etching solution and method of preparing 
semiconductor member using the etching solution. 



(57) A method for preparing a semiconductor member 
comprises : 

forming a substrate having a non-porous silicon 
monocrystalline layer and a porous silicon layer ; 

bonding another substrate having a surface 



made of an insulating material to the surface of the 
monocrystalline layer ; and 

etching to remove the porous silicon layer by 
Immersing In an etching solution. 



Jouve, 18. rue Saint-Denb, 75001 PARIS 



EP 0 499 488 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apytafteo Nuk 

EP 92 30 1252 



DOCUMENTS CONSIDERED TO BE RELEVANT 






OtBtUa of inmmaHw*k Micstioa, where ipproprUta, 




CLASSIFICATION OF THE 
AFTUCATION (hX-CLS) 


X 


APPLIED PHYSICS LETTERS., 

vol 57 no 10 ^ ^ontninhav* lQQfl MPW YnDlf 

US 

pages 1046 - 1048 

L.T. CANHAM 'SILCON QUANTUM WIRE ARRAY 
FABRICATION BY ELECTROCHEMICAL AND 
CHEMICAL DISSOLUTION OF WAFERS . 1 
* page 1047, left column, paragraph 4 - 
page 1048, left column, paragraph 2; 
figure 3 * 


1.9 


H01L21/306 

H01L21/20 

H01L21/76 




uo-A-qi AQ4?n f^Ppp np vtatf pod hpp tw 
HER BR. HAJEST. GOVERN. U.K GD & N. IR) 
* claims 1,5,7; figures 6,7 * 






A 


US-A-3 962 052 (IBM) 

* column 3, line 13 - line 36; claim 1 * 


1,17-56 




A 


FR-A-2 374 396 (IBM) 

* claims 1,4 * 

* claims 6-12 * 


1 




X 


3.5,7, 
11, 13, IE 


TECHNICAL FIELDS 
SEARCHED (tat-d.5) 


A 


IBM TECHNICAL DISCLOSURE BULLETIN. , 
vol.14, no. 11, April 1972, NEW YORK US 
G.H. SCHWUTTKE ET AL. 1 ETCHING OF VERTICAL 
WALLED PATTERNS IN (100) SILICON. 1 




H01L 


A 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 
vol.131, no. 3, March 1984, MANCHESTER, NEW 
HAMPSHIRE US 
pages 672 - 674 

L. LI0U ET AL. 'AMORPHOUS SILICON PRODUCED 
BY ION IMPLANTATION. ETCHING RATE IN HF 
SOLUTIONS AND EFFECT OF ANNEALING. 1 

-/-- 






Ibc procat scant report tat km •>•«> up for all daiaot 







THE HAGUE 



23 December 1994 



Vancraeynest, F 



CATEGORY OF CITED DOCUMENTS 

X : porttcuUily rtlmBt If tike* tloot 

Y : portleolftfty nimm If cmoti** with uuxbor 

•ocsmcot of the tarn* category 
A : t«cfa»ological hmtkpvumi 
O : notvftTtttcn tftsdemrt 
P : lotenacdiatc eoamcot 



T : tteory or principle uMcrtytiig the rowotioa 
C : cutter patcot •JoaioKot, bat puMbhei on, or 

otter tie flung est* 
D : tocnoMnt df4 hi the eppUcmtto* 
L : ioauMBt dte4 for otfcer rtuou 

■btr of the tiM potest family, conespooJtag 



EP 0 499 488 A3 



Ewpeftn Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 92 30 1252 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cstcftry 



CLASSIFICATION OF THE 
AFPUCATION (btCLS) 



P.A 

A 

A 



JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 
vol.114, no. 4, April 1967, MANCHESTER, NEW 
HAMPSHIRE US 
page 114 

S.M. HU ET AL. 'OBSERVATION OF ETCHING OF 
N-TYPE SILICON IN AQUEOUS HF SOLUTIONS' 

EP-A-0 469 630 (CANON) 

* claims 1-125 * 

EP-A-0 209 173 (PHILIPS N.V.) 

* clains 1-8,10,22,23 * 

EXTENDED ABSTRACTS OF THE 20TH (1988 
INTERNATIONAL) CONFERENCE ON SOLID-STATE 
DEVICES AND MATERIALS 1988, 1988, TOKYO 
pages 33 - 36 

A. NAKAGAWA ET AL. '500V LATERAL DOUBLE 
GATE BIPOLAR-MODE NOSFET(DGIGBT) 
DIELECTRICALLY ISOLATED BY SILICON WAFER 
DIRECT-BONDING (DISDB) . 1 

* figure 1 * 

JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 
vol.135, no. 8, August 1988, MANCHESTER, 
NEW HAMPSHIRE US 
pages 2105 - 2107 

X.- Z. TU "FABRICATION OF SILICOON 
MICROSTRUCTURES BASED ON SELECTIVE 
FORMATION AND ETCHING OF POROUS SILICON' 

* page 2106, left column, paragraph 3 - 
right column, paragraph 8; figure 1 * 

-/-- 



The present March report ton beea draws up for Wl da 



17-56 



17-56 



17-56 



TECHNICAL FIELDS 

(bMXS) 



2-16 



THE HAGUE 



Data •# nmmjIWHi •( ta» mm* 

23 December 1994 



Vancraeynest, F 



o 



CATEGORY OF CITED DOCUMENTS 

X : psrttcalvty relevant If taktn lion* 

Y : particularly nitwit If a»Bbin*4 wttfc not bo 

coevmcxtf of th* sam category 
A : tochnofagJcai fcaHiyw— 4 
O : w*> w Ul aa ttisdossr* 
P : Inttrnoiiatt tocuBont 



T : theory or priadplt Bntertyfeg the tamactoa 
E : otitic* oaleM iootaat, bat peMisht*) cm, or 

aftor tU filing tat* 
D : tocttxtwt dtH In tbt aaplfcatloii 
L : tecmiwt dtH for other rasom 

ft : mmmkn of tn« nni ■atom fatally, corfwspoc4h«i 



3 



EP 0 499 488 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 92 30 1252 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citato of 



«*h ia4kati»n, where appro priori , 



CLASSIFICATION OP THE 
APPLICATION QntdS) 



CHEM. PRUM., 

vol.27, no. 12, 1977, PRAQUE 
pages 602 - 606 

SEBEK SVATOPLUK 'CHEMICAL ETCHING OF THE 
SURFACE OF SILICON SINGLE CRYSTALS 1 
& CHEMICAL ABSTRACTS, 
vol.88, no. 20, 15 May 1978, OHIO 
page 595 

'ABSTRACT NO 145042' 

PATENT ABSTRACTS OF JAPAN 

vol. 14, no. 580 (E-1017) 25 December 

1992 

& JP-A-02 252 265 (SONY) 11 October 1990 
* abstract * 



1.3,11 



1-56 



TECHNICAL FIELDS 

(UCd-5) 



The present search ream has keen drawn up for all daimi 



§ 



THE HAGUE 



D*« •* l |l It— •* tte» i. 

23 December 



1994 



Vancraeynest, F 



CATEGOIY OF CITED DOCUMENTS 

X : parti catarly rdavaitt tf takta alea« 
Y : partcnUriy rdmrt H eoaMaai with uotb€ 

Shoacil of th* tiaiv cmttfory 
0 A : lacaaolaaical Utk^wmt 
O : ac*»wrttt« dbdosara 
P : iotcraicfotc rfoewmeat 



T : theory or prtadpla aodertvkig ta« laventftoa 
E : earlier pataat aocanwat, Wt paMlsbt* oa, m 

aftar tht AUai tela 
D : tocascat dtaa lb tht application 
L : anmwfot <HH for other nasaus 



off tb« amc patent faarity, 
cat 



4 



EP 0 499 4*8 A3 



J) 



European Patent 
Office 



CLAIMS INCURRING FEES 



The present European patent aeollcaaon eomphMd at tn« bme of B»ng more men ten claims. 

□ Mi claims lees have oeen paid within the oresenbed ttme limit The rresam Eyrooean search report .las oeen 
drawn up tor ail claims. 

Q 0n,v °»n of the claims :ees have been said within rr.a pre*c-:eed =rr.e limtL Trie present Eurooean searcn 
report has been drawn up for the first ten c:auns eno tor mose ciaims for wnich Claims fees nave oeen pa to. 

namely claims: 

| [ No claims fees navt been paid within the prescribed ttme limit The present Eurooean searcn report has been 
drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Searcn Oivision consider* chat the present Eurooean patent application docs not comply with die requirement of unity of 

invention and relates to several inventions or grouos of Inventions, 

namely: 



See Sheet B , 



0 

□ 



AA further searcn fees hew been paid within the fUed ttme Hmit The present European searcn re con has 
been drawn up for ell claims. 

Only part of ma further seercn fees have been paid within the fUed ttme limit. The present European searcn 
report hes been drewn up lor those pens of the European petem application which relate to the inventions in 
respect of which search fees neve been paid. 



nameiy claims: 

["""[ None of me tanner searcn fees nas been paid wiinln the fixed time limit The present European search report 
haa been drawn up for those pens of the European patent aoptteaoon wnicn refate to the invention flrat 
mentioned in (he claims. 

namely claims: 



5 



EP 0 499 488 A3 




Europoair 
Office* 



EE" 9.23iii252:. (fc -e 



LACIC OF UNJTYt- OF INVENTION- 




1. Claims 1, 9: HF etchant for porous Si, and method 
etching porous Si using HF etchant . method for 

l\ C ^L^ 8 ; ^-"'Mixture, of HF as etchant for porous 
Si, and method of etching using such a. mixture of HF for 

porous Si 

3. Claims 17-56: Formation of an SOT structure- 



* 



6 



